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THE VIABILITY OF ESCHERICHIA COLI AND A SPOILAGE 
YEAST IN CARBONATED BEVERAGES 
L. D. WITTER, J. M. BERRY, anp J. F. FOLINAZZO 
Metal Division Research and Development Department, Continental Can 


Company, Inc., Chicago, Illinois 


( Manuscript received January 11, 1957) 


Soft drink beverages are unique in being among the few packaged foods 
which do not, in general, receive any type of process as a deterrent to spoilage. 
Rather, the soft drink industry depends upon the inherent growth inhibiting 
characteristics of the product and good plant sanitation to prevent spoilage. 
Any physical or chemical property of a soft drink may potentially have an 
effect on the viability of microorganisms in that beverage, but to determine 
the basic pattern of preservative action, factors essentially common to all 


beverages are of main concern. Sucrose concentration, acidity, and degree of 
carbonation are the salient factors of most beverages and, parenthetically, the 
latter two are considered the major characteristics upon which the prevention 
of microbial spoilage rests. 

Commercial experience has led to two rules of thumb which are applied to 
the survival of microorganisms in carbonated soft drink beverages: (1) spoil- 
age is reduced by increased acidity and carbonation, and (2) the microbial 
count in a carbonated beverage decreases with increased storage time. In 
substantiation of these “rules” quantitative information, although hi 
desirable, is very sparse. Although the separate effects of carbonation, 
and sugar concentration on the viability of microorganisms have been pre- 
viously studied, very little information is available on their combined effects 
or on their effects as related specifically to soft drinks 

Very early, the papers in the field of sanitation and bacteriology showed 
recognition of the fact that various organisms died faster in carbonated water 
and beverage than in uncarbonated water (13, 17, 29). In 1924, J. R. Donald, 
C. L. Jones, and A. R. M. MacLean (6) stated that in a beverage carbonated 
with sufficient pressure, contaminating bacteria would not multiply and gradual 
sterilization would be accomplished with storage. This work led to the impres- 
sion that bacteria could not survive at greater than approximately 4.0 volumes 
of carbonation. Yeast also died when subjected to carbonation (24, 27); 
hence, the packer of a highly carbonated drink felt relatively secure from 
spoilage regardless of other conditions. This lethal effect was limited to 
carbonation pressure and not just pressure per se, for test organisms survived 
comparable atmospheres of nitrogen (6). Later it was shown that inert gases 
required thousands of pounds per square inch pressures to produce germicidal 
effects (15, 16). More recently, N. F. Insalata (14) reconfirmed the sterilizing 
effect of carbonation on both a bacterium and a yeast and showed that the 
germicidal effect increased with increasing carbonation. 

Concentrations of sucrose necessary to produce a germicidal action on 
microorganisms are well above the range found in soft drink beverages. Gen- 


* Present address: Department of Food Technology, University of Illinois, Urbana, 
Illinois 
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erally, the germicidal sucrose concentration was set at about 60 to 70% for 
bacteria and yeasts (8, 22, 28) and as high as 80% for sugar tolerant yeasts 
(1). At sucrose concentrations found in carbonated beverages a protective 
action against the destruction of microorganisms might even be exerted (20) 
When both acid and sugar were employed as preservatives the acid was the 


more important (8, 9) and as suggested by Levine and Fellers (18, / 
may be that apart from the indirect effect of altering the H-ion concentratior 
sugar addition aids but little the toxic effect of an acid on bacteria and yeasts 
The effect of acid alone on Escherichia coli has beer: extensively studied (2, 
7, 21) and Forgacs and Tanner (72) showed that apple juice at pH 
containing 140,000 E. coli organisms per ml. was sterile in 114 hours and tl 
death was logarithmic. With acetic acid, a pH of approximately 2 


required to effect a preservative action against a number of strains of the 
Zygosaccharomyces globiformis (1). Sensitivity of yeasts and bactt 


varies widely according to the specific organism; however, in 


5 w 


are more aciduric and less sensitive to changes in pH than a 
In this investigation the viabilities of a spoilage yeast 


were measured at several combinations of suc1 


se Cork 


degree of carbonation which encompassed the range f 


From these experiments the basic pattern of action 
variables on microbial lethality was estimated. 


EXPERIMENTAL METHODS 


Escherichia coli (C. C. C. No. CO-4) and a yeast (C. C. 
been isolated from a spoiled, carbonated orange drink wer: 
This strain of yeast was selected from a collection of yeasts 
from spoiled soft drinks. It showed desirable growth chara 
possessed the ability to grow in the range of sucrose concentratiot 
The experimental work was organized into 2 phases according 
used: phase I (E. coli) and phase II (yeast). A total of 48 runs vy 
including 32 different combinations of pH (2, 3, 4, and 4.5), degre 
and volumes carbonation (0, 2, 3, and 4.5) of which 8 combinati 
To simulate commercial canning conditions, and also for conv 
were packed in soft drink cans using the laboratory canning 
Composition of the syrup “throw” and the pressure under which the carbon: 
added were carefully predetermined to result in a final product of i 
Strict adherence to commercial procedures was maintained thro 
chemically treated, filtered, and titrated to the proper balance ; t 
was used; the proper volume of 50% citric acid solution prepared from the reag 
chemical was incorporated in the syrups to produce a final concentration of 0.02N, 
average citrate concentration present in soft drinks. Citric acid was chosen becaus« 
the most commonly used acidulant for soft drinks and is an acid of relatively low t 
(25). The desired pH values were obtained by adjusting the “throw” with 1N soluti 
HCl and NaOH. 
Method of canning and inoculating. A portion of the F. colt (phas: 
packed in 12-ounce flat top cans. Following the addition of syrup the can 
inoculated, and closed. Inoculum was an 18-hour lactose broth culture 
diluted with M/40 phosphate buffer (pH 7.0) to result in a final cell ec 
of 10,000 organisms/ml. in the finished product. Inoculum dilutions were based o1 
counts made in a Petroff-Hausser chamber using a high dry dark phase contrast objective 


Phosphate buffer was mandatory for all FE. coli work because preliminary tests show 


(sucrost 


¥ 


direct 


’ The authors regret that the yeast used in this investigation was inadvertently 
before its characterization and identity was fully determined. Unfortunately, the culture is 
ne longer available for future studies. 
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CALCULATIONS: 


METHOD OF AVERAGES FOR BEST STRAIGHT LINE 
Tor 3 POWITS AVG, BOTTOM 4 POWTS ave. 
© = avenaees, x =oaTaA PomrTs 

OE TERMINATION er OfATH RaTE CONSTANT K 


LOG He- LOG x 
§=——————— = more oF Line 


= 3.77 - 108 | 9.2600 msm 
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n ! l i 
2 6 
TIME IN HOURS 

Figure 1. Treatment of data for E. coli, run no. 7 (pH =3; ° Brix = 10; vol. car- 
bonation = 0). 





level of E. coli to conform with the U. S. Public Health Service standards for drinking 


water were calculated, using the death rate constants in Table 1. These values are given 
in Table 2. 

A cursory glance at the data of either Table 1 or Table 2 reveals that pH was the 
major factor in eliminating E. coli. Comparing averages of the death rate constants, the 
lethality at pH 2.0 was approximately 50 times that at pH 3.0, about 250 times that at 
pH 4.0, and roughly 900 times that at pH 4.5. 

At pH 2.0 the presence of sucrose exerted a slight protective action against the pH 
effects, since an increase in degree Brix produced a decrease in lethality. At pH 3.0, 4.0, 
and 4.5, 12 comparisons of the effect of increasing the degree Brix at a constant carbona- 
tion were possible. Of these, 5 showed a decrease, 6 showed an increase, and one showed 
no change with an increase in degree Brix. Any change in a variable necessitated com- 
paring 2 separate runs, each subject to normal experimental variations. Lethality was 
considered independent of a given variable when a change in the variable resulted in a 
change in lethality being equally likely in either direction. Therefore, lethality was con- 
sidered independent of the sucrose concentration at a pH of 3.0 or greater. 

Increasing carbonation at pH 4.5 and any given sucrose concentration decreases the 
time necessary to kill E. coli (Table 2), whereas at lower pH values the death rate was 
independent of the carbonation. At pH 4.5 and various constant sucrose concentrations 
14 comparisons of the effect of increased carbonation on lethality can be made. In 13 of 
these the lethality increased with increasing carbonation; in one no change in lethality 
was observed with changing carbonation. In the 3 lower pH values tested of the possible 
18 comparisons of varying carbonation, 11 showed a decrease in lethality and 7 showed 
an increase in lethality with increased carbonation. This distribution was consistent 
with the estimation that at these pH values the lethality was independent of the volumes 
of carbonation. It was possible that at the lower pH values, which were dramatically 
more toxic, the effect of carbonation was masked, whereas, at a pH of 4.5, which was not 
markedly toxic, the effect of carbonation became important. In all uncarbonated variables 
at pH 4.5 the organisms grew, but only one carbonated variable at this pH survived. 

Summarily, pH was the major factor affecting the survival of Escherichia coli in a 
simulated carbonated beverage. The effect of sucrose modified the toxicity of pH only at 
low pH; the toxic effect of carbonation was apparent only at high pH. 
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TABLE 1 
The effect of various conditions of degree Brix, pH, and volume of 


carbonation on the viability of E. coli 


| Death rate const. 
(k) in hrs. -* x 10? 

870 

666 

805 

859 

546 

333 

294 

600 

275 

353 

375 


261 








Run number Vogeies | Vols. COs 
1, 17,33 . 0 
37 0 
2, 18, . 0 
45 ; 0 

21 5.0 

5.0 

10.0 

10.0 

10.0 

10.0 

15.0 

15.0 


SOLWNOS 
uw 


wo kwh 
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0 ) 8.35 
6.96 
24.0 
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0.655 
1.04 


de 
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) 
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5.0 

5.0 

10.0 

10.0 

10.0 x 

10.0 5 0.80 
15.0 0 
15.0 0.80 
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4 
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4 
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4 
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Yeast (phase II). Values of the death rate constants in experiments where yeasts 
were the test organism are given in Table 3. Table 3 was arranged in a slightly different 
order from Table 1 to emphasize the importance of carbonation. 

The importance of carbonation in preventing yeast spoilage of a carbonated beverage 
Without carbonation there was no 


was immediately apparent from the data in Table 3. 
In all 20 of the carbonated 


lethality of the yeasts regardless of the degree Brix or pH 
variables except one, a lethal effect was shown. 

Rigorous examination of the data did not reveal any consistent modifying effect of 
any kind in the lethality of yeasts with variation of degree Brix. In the uncarbonated 
variables the pH was not lethal at any level tested, but in the carbonated variables the pH 
significantly affected the lethality. At constant degree Brix and volumes carbonation, a 
comparison of yeast lethalities at varying pH showed that in 16 out of a total of 18 
possible comparisons, the greater the pH the less was the lethality. An increase of one 
pH unit resulted in an average decrease in the death rate constant of 0.08/hour. 

Controls. Variables of the experiments, although assigned a discrete theoretical 
value, exhibited a degree of variation. By analysis of a series of controls these variations 
were determined and recorded in Table 4 for the experiments employing EF. coli and in 


Table 5 for experiments employing yeast. 
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TABLE 2 


The hours required to reduce an initial contamination of 100 E. coli/ml. to meet the U.S. 
Public Health Service standards for drinking water under various conditions of 
pH, ° Brix, and volumes carbonation 


DISCUSSION 


Death rate constants for -. coli varied from 0 to 8.70/hour 
of variables tested while the death rate constants for the test yea 


0 to only 0.01/hour. Hence, under their respective most lethal condition 
E. coli died at 870 times the rate of the yeast. A comparison of the data Tabl 
1 and 3 also shows that the /. coli were more sensitive to changes in the tested 


variable than were the yeasts. 


Based on results of this investigation, soft drink packers would not 
ence growth in the beverage, of the two spoilage organisms test 
beverage had a pH of 4.0 or less and was carbonated at 2.0 or mort 
Most soft drinks, with the exception of some citrus flavors, meet thes« 
ments for non-growth. 

Most lethal condition for yeasts was in solution with a pH of 2.0, 10° Brix 
and 4.5 volumes of carbonation. If a beverage of essentially this composition 
(no beverage we know of is so acid and few beverages have so high a carbona 
tion) was infected with 100 yeasts per ml. of the strain tested in this investiga 
tion, 17 days would be required to reduce this contamination to one yeast pe 
100 ml. Under less lethal conditions (pH of 4.5, 3 volumes carbonation, and 
10° Brix) 119 days would be required to affect this 99.9% reduction of 
contaminating yeast. Therefore, for almost 4 months there would be 
stantial number of yeasts present, all of which would presumably 
metabolizing and producing gas and other resultant end products. The product 
would be essentially sterile after this storage time and very likely it would also 
be spoiled due to the accumulation of off-flavor producing end products and 
excessive carbonation. Therefore, statements in prior literature to the effect 
that carbonation will produce sterility, although essentially true, could not 
with the same reliability be rephrased to say that carbonation will prevent 
spoilage. 


Insalata (14) in his paper on this subject concluded, with a very limited 
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TABLE 3 


The effect of various conditions of degree Brix, pH, and volumes 
carbonation on the viability of yeast 


number of experiments, that sterility was accomplished in fewer days where 


the Brix was lower, and theorized that this may be attributed to the fact that 
the lower sugar content (8.5% instead of 12%) afforded less nutrient. The 
optimum sugar content for the growth of both yeast and bacteria is approxi 
mately 1 to 2% (10, 11). This investigation did not confirm the variation of 
lethality with Brix as found by Insalata. 

Results of this investigation are limited in the strict sense to the particular 
strains of £. coli and yeast used as the test organisms. Bottles and cans have 
been known to fail under the extreme carbon dioxide pressures produced by 


a contaminating yeast in the beverage and some bacteria have been grown in 
extremely acid environments. However, from a practical standpoint, the 


if 


results represent a fairly accurate picture of what might be expected in 


different carbonated beverages depending upon their degree Brix, pH, and 


carbonation 
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TABLE 4 
Controls on the variables used in experiments determining the viability of E. coli 





Variable Assigned Number of Standard | 95% Confidence 


value samples Mean deviation | limits 


pH ; 34 | 20 0.032 2.0 + 0.06 
4 3.0 0 | 3.0 
4 | 40 0 4.0 

31 458 | 0.096 4.58 + 0.19 


Vols. of CO: No Controls Measured 
11 2.1 0.24 1 + 0.48 
32 3.2 0.19 3.2 +0.38 
10 4.42 0.197 42 + 0.39 


No Controls Measured 
4 5.0 
13 10.0 
4 15.0 


TABLE 5 


Controls on the variables used in experiments determining the viability of 


77 | Assigned Number of Standard 
Variable | value samples |} Mean ieviatio 


pH 2.0 64 2.05 0.05 
3.0 15 3.0 0 
40 18 4.05 0.09 
4.55 


45 65 0.06 
Vols. of CO: 0 No ¢ ontrols Measured 

2 11 2.1 0.24 
3 32 3.2 0.19 
4.5 10 4.42 0.197 


No Ce 


mtrols Measured 
+ 5.0 0 
29 9.96 0.17 9.96 + 0.34 
4 15.2 0.5 15.2 +10 

Any given carbonated beverage contains other factors that may influence 
the death rate of a potential spoilage organism. Substances which may func- 
tion as inhibitors in a carbonated beverage in addition to those studied are: 
ethers and esters which naturally occur in fruit juices; different essential oils 
and spices (5); peel oil in citrus drinks ; extracts from roots and herbs in root 
beer, birch beer, and sarsaparilla; foaming agents; capsicum in some ginger 
ales; alcohol used in extracting flavors; glycerine used to dissolve flavors; 
emulsifying agents; coloring agents; and the type of acid used (other than 
citric acid) in acidifying (21, 25). Any of these factors may alter the basic 
lethalities given in this paper. However, it should be emphasized that no com- 
bination of beverage factors can serve as a replacement for good plant sanita- 
tion in preventing spoilage. 

SUMMARY 


Lethalities of the bacterium F. coli and of a yeast were measured under 32 
different combinations of variables; pH (ranging from 2.0 to 4.5), ° Brix 





VIABILITY OF MICROORGANISMS IN CARBONATED BEVERAGES 141 


(ranging from 0 to 15), and carbonation (ranging from 0 to 4.5 volumes). 
E. coli was markedly more sensitive to changes in the variables and more 
susceptible to the toxicity of the variables than was the test strain of yeast. 

The pH variable exerted the major effect on the survival of £. coli. Lethal- 
ity at pH 2.0 was approximately 50 times that at pH 3.0, 250 times that at pH 
4.0, and 900 times that at pH 4.5. At a pH greater than 2.0, lethality was 
independent of sucrose concentration, whereas at pH 2.0 increased sucrose 
appeared to exert a slight protective effect. Increased lethality of E. coli was 
experienced with increased carbonation at pH 4.5, but the lethality was not 
significantly dependent upon carbonation at a pH less than 4.5. 

Survival of yeasts in the simulated soft drink beverage was primarily a 
function of the carbonation. Without carbonation there was no lethality 
regardless of the ° Brix or pH. Lethality of the yeast was independent of the 
sucrose concentration. In the carbonation variables an increase in pH caused 
a significant decrease in lethality. 

rhe significance and limitations of these findings in relationship to the 


ring of soft drink beverages is discussed. 
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tissue fibers (1) and denaturation of actomyosin (6), also has been 
demonstrated. 

These findings suggest that a disturbance of the intracellular hydrated 
contractile protein equilibrium rather than that of the sarcoplasmic fraction is 
at least in part responsible for the liberation of drip from thawed fish muscle. 
It is felt that a better knowledge of the protein constituents of drip could offer 
supporting evidence to this theory. Thus, if it could be concluded that the 
sarcoplasmic protein fraction is that fraction which constitutes drip and shows 
no change in its ionic characteristics during freezing, the origin of drip could 
be more definitely attributed to contractile protein denaturation. 

The objectives of this study were to determine the protein constituents of 
drip comparative to the known major protein fractions of fish muscle and to 
detect any relative changes in the ionic characteristics of these proteins when 


fish muscle is frozen. The procedures employed were conventional frac- 


tionation and electrophoretic methods to determine the types of proteins 
present in drip and to compare the electrophoretic mobilities of drip proteins 
and the same proteins isolated from fresh fish muscle. 


EXPERIMENTAL 


Material and methods. Preparation of drip and extracts. All of the experiments 
reported in this paper were carried out on drip or extracts isolated from the white 
muscular tissue of yellow-striped rockfish (Sebastodes nebulosus). The preparation of 
drip was standardized according to the following procedure: Seven rockfish were caught 
and held at 0° to 4° C. for 24 hours, after which time the fish had passed through rigor. 
The fish were filleted and skinned, the small amount of lateral red tissue removed, and 
The coarsely ground flesh was thoroughly 


the fillets passed once through a food grinder 
The samples of ground flesh 


mixed and distributed in capped, glass centrifuge tubes. 
were frozen at —20° C. and held at this temperature for approximately 60 days before 
thawing. As needed, the samples were thawed by placing the centrifuge tubes under cold 
running tap water for 30 minutes. The samples were centrifuged for 30 minutes at 
4000 R.C.F. at 0° C. The supernatant fluid was filtered by gravity through a medium 
porosity sintered glass funnel. This centrifuge drip contained approximately 4% protein 
by biuret (16) analysis and was used directly for qualitative fractionation tests and for 
electrophoretic analysis. 

In order to obtain only the sarcoplasmic fraction, tissue extractions at low ionic 
strength of fresh fish muscle for the comparative tests were carried out essentially 
according to the method described by Dingle, Eagles, and Neelin (5). These extracts 
were obtained by adding unbuffered 0.1 M. KCI to an equal weight of coarsely ground 
fresh, post-rigor rockfish muscle and allowing the mixture to stand unstirred overnight 
at 0° to 2° C. The extracts were centrifuged and filtered as described for the preparation 
of centrifuge drip. These extracts contained approximately 2% protein and were used 
directly for electrophoretic analysis. 

Paper-electrophoretic analysis. Paper-electrophoretic analysis was carried out in a 
horizontal, open, strip-type apparatus (Biophysical Instruments Inc.). Whatman 3MM 
chromatography paper cut into 12.5 x 300 mm. strips proved the most satisfactory of 
various papers tested. The procedure was briefly as follows: Four paper strips (2 dupli- 
cates) were soaked for 30 minutes in the electrophoresis electrolyte solution (phosphate 
buffer, ionic strength 0.05 at a selected pH of 5.50, 6.50, or 7.50). The papers were blotted 
briefly and carefully pulled taut on the removable paper rack. A 2 mm. glass rod was 
rolled under the paper strips to form an apex or tent 100 mm. from the cathode end of 
the paper. The rack was placed in the electrophoresis cabinet, and the glass cover (a sheet 
of Whatman 3MM paper was glued to the under side of the cabinet lid to prevent con 
densation from forming and dripping onto the paper strips) replaced. The power was 
turned on and the system allowed to equilibrate for 30 minutes. The cover was removed 
and the appropriate amount (0.010 ml. of a 2% solution) of protein solution was applied 
at the apex of the paper by means of a Spinco sample striper. The cover was replaced 
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again, and the experiment continued for 17 hours. In all but preliminary experiments, an 
applied potential of 100 or 150 volts, giving a current of 3-5 milliamperes, was used. The 
electrophoretic analysis was carried out in a household-type refrigerator maintained at 
approximately 0° C. After completion of a run, the rack containing the paper strips was 
placed in an oven held at 120° C. for 30 minutes. Following the procedure described by 
Durrum (2), the papers were stained in the bromophenol blue-zinc sulfate-acetic acid 
mixture, washed in 2% acetic acid, dried, and scanned at 575 my in a Beckman model B 
spectrophotometer equipped with a Beckman 8300 model B chromatogram attachment. 


RESULTS 


Preliminary qualitative tests. Rupture of the cell membrane and disorganization of 
the intracellular myofibrils by freezing would be expected to liberate cytoplasmic con- 
stituents. Differential centrifugation up to 25,000 R.C.F. of centrifuge drip [made up to 
0.88M. (9) sucrose] for particulate cell components, however, did not reveal the presence 
( large cytoplasmic granules (mitochondria). Homogenization of intact, thawed, 

rockfish muscle with 0.88 M. sucrose, followed by differential centrifugation, did 

an extremely small yellowish pellet at 25,000 R.C.F., microscopically appearing 

quite granular, unlike rat liver mitochondria (9). Love (11) reports a trace of similar 

appearing material centrifuging out of the expressible fluid of cod fish at 24,000 R.C.F 

containing about of the total D! Jhosphorus. He concludes that expressible 

lis free from rticles (m hondri: ut contains DNA-protein aggregates of 

ar origin. Th lar structu f the white 

1 small quantity that their preset 
yarticularly du 
contractile 


Was 


strength 


indicates 


h 


however, 
precipitate 

soluton 

ne presenc 

1 a water sol 

wever, that such 

sible, in lat several of thi components of an extract « 

j 


only a partial loss of solubility on dialysis agains 


+ 


suggest 
composition of » and extracts of low ionic st th from 
Electrophoretic analysis. Nikkila and Link« obtair 
teins and reported finding 6 8 componer in extracts 
different species of fish by 


at high voltage (296 v.) in a rur 
that gross overlapping, often to t 
igh voltage (300 v.) was used over a period of 17 hours. In addition, the 
lingly higher amperage resulted in local heating and excessive evaporation 
mn. When, however, lower voltages (100 v., for example) were employe 


paper-electrophoresis at ionic strength 0.05 and 
of 17 hours. 11 present k, however, it was four 


1 
he point of complete obli ion of minor bands, occur 


ondensati l 
a run of 17 hours, at a pH closer to the isoelec 
1 mobilities of the slower-migrating proteins thar 


tric points of the proteins, the net 


Was a greater ¢ cas the 
faster-migratir 
essentially the same at high or 


addition, the total migration of the fastest component 
le ition of equi 


1} 
i i 


w voltage, ating that a pos ri 
was being approa hed at eithe ) It also was not 
the lowering of the pH from 7.50 t 50 n ly retarded the 

faster-moving minor components 


migration of the sl 
mobility components but caused the appearance of two 
hor patterns obtained in preliminary studies on 

| | ; 


Thus, Figure 1, illustrating electrop 
the voltage was decreased from 300 (Figure 


centrifuge drip, shows that at pH 7.50 wher 

1-A) to 100 volts (Figure 1-B). for example, the separation of the slower mobility com 
I : 

ponents improved. When the pH was lowered to 6.50 and the voltage decreased from 


i 





HARRY L. SEAGRAN 


density 


> 





° 
a 


0. pH 6.50, 150 volts 


rE. pH 5,50, 150 volts 


C) 2 3 4 
FF, pH 5.50, 150 volts, after dialysis ot pH 550 
Distonce of migration 
Figure 1. Paper-electrophoretic patterns of centrifuge drip from white muscle of 
yellow-striped rockfish; phosphate buffer u= 0.05, pH 7.50, 6.50, and 5.50 at high and 
low voltages, respectively. Duration of electrophoresis, 17 hours. 
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Figure 2. Paper-electrophoretic patterns of centrifuge drip and extracts of low 


ionic strength from the white muscle of yellow-striped rockfish, pH 6.50 and 7.50, at 
low voltage. Duration of electrophoresis, 17 hours. 
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protein components was not carried out due to the different dye-binding characteristics 
of the various proteins. No obvious differences were observed, however, between the 
relative amounts of each of the comparable components in drip or extract. In addition, 
insofar as an interpretation of paper-electrophoretic patterns permits, no relative change 
in the ionic characteristics or mobilities of the component proteins of drip was observed 
in fish muscle in the frozen state. Thus, when simultaneous electrophoretic analysis of 
centrifuge drip and extracts of low ionic strength was carried out, the dyed strips were 
indistinguishable. In repetitive determinations, it was observed that the precision obtained 
was better for the faster components. 
DISCUSSION 

Electrophoretic patterns of centrifuge drip and extracts of low ionic 
strength from rockfish recorded here show marked similarities with patterns 
recorded by other workers both by paper-electrophoresis (73) and by free 
electrophoresis in solution (4, 5) of extracts of low ionic strength from other 
species of fish. Thus, Connell (4) reports the presence of at least 7 com- 
ponents in extracts of low ionic strength from codling muscle which may be 
divided into Jacob's groups I, II, and III. Group III, of highest mobility, 
normally contains one small, highly mobile component (peak No. 1). Group 
II, of average mobility, is divided into 3 components (peak Nos. 2, 3, and 4). 


Group I is composed of 3 components and usually contributes over half of the 


total area under the curve (peak Nos. 5, 6, and 7). Peak number 4, reported 
here, would appear to contribute relatively more to the total area under the 
curve than Connell (4) finds using free electrophoresis. Nikkila and Linko 


(13), however, employing paper-electrophoresis for an examination of extracts 


of low ionic strength from a variety of species of fish, also report a major 
component in the I] group of all species examined. Due to the different stain 
ing characteristics of proteins, however, it is difficult to compare the two 
methods quantitatively. 

Dingle, Eagles, and Neelin (5) also report a better separation of the pro- 
teins present in extracts of low ionic strength of fish muscle when the pH of 
the electrolyte is decreased. Thus, at pH 5.8, two peaks in group | (cor 
responding to peaks referred to here as 5 and 6), which apparently represented 
single components at higher pH values, each separated into two or three 
distinct peaks. It would appear that group I represents a very complex 
nuxture of proteins. 

Recent evidence (7, 14, 17) suggests that drip is due in part to denaturation 
of proteins which normally tend to hold the water of the muscle. In view of 
the similarity between the number and ionic characteristics of the protein 
constituents of drip from thawed fish muscle and extracts of low ionic strength 
of fresh fish muscle and the absence of the contractile protein actomyosin in 
drip, it is suggested that the sarcoplasmic protein fraction of fish muscle is not 
intimately associated with the origin of drip. In addition, since it is unlikely 
that sarcoplasmic proteins are bound to the actomyosin proteins in the intact 
myofibril, it appears that the contraction of fish muscle on freezing and thaw- 
ing, with resulting drip formation and texture change, may be at least 
partially attributable to actomyosin denaturation by a dehydration process 
Although it has been shown (15) that the freezing process itself produces 
some subtle change in the structure of actomyosin, yielding a more symmetri- 
cal molecule without measurably affecting its solubility, continued frozen 
storage appears to be responsible for some yet unknown change which causes 
progressive and irreversible aggregation of the actomyosin. 
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SUMMARY 


The protein constituents of centrifuge drip isolated from thawed fish muscle 
were determined and compared with the known major protein fractions of 
fish muscle. A definite similarity between the protein composition of drip 
and extracts of low ionic strength from fresh fish muscle was noted. Seven 
components, which may be divided into three mobility groups by paper- 
electrophoresis, were established in centrifuge drip obtained from the white 
muscle of yellow-striped rockfish. A comparison of the patterns obtained for 
centrifuge drip from thawed rockfish and extracts of low ionic strength from 
fresh rockfish revealed no differences as to the number of components present. 
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ERRORS OF THE SECOND KIND IN AN ACID THRESHOLD TEST 
G. A. BAKER, VERA MRAK, anp M. A. AMERINE 
(Manuscript received August 19, 1957) 


Difference testing procedures should be based on a consideration of errors 
of the second kind as well as on errors of the first kind. An error of the first 
kind is made when it is said that a difference exists when in fact there is n 
difference. An error of the second kind is made when it is said that no 
difference exists when in fact there is a difference. Errors of the first kind 
have been discussed in detail (3, 4, 5,6, 10, 11, 12). The mathematical model 
for organoleptic difference testing is the binomial distribution. Errors of the 
second kind for the binomial distribution are comprehensively treated in the 
literature (7, 2, 8, 9). 

In particular in (2) it was shown that, on the basis of errors of the second 
kind, in threshold tests with sugar solutions it is much more effective to use 
a few tasters of high acuity than a heterogeneous panel with widely varying 
abilities of detecting differences. 

The purpose of the present study is to examine the effects of errors of the 
second kind on the design of good detection procedures for determining acid 
taste thresholds. 

ACID TASTE TESTING EXPERIMENT 

This experiment was conducted in the spring of 1957 with tartaric acid in water. There 
were 24 tasters who were students and staff members of the University. Tasting was 
done each day, usually between 11 A.M. and 12 M. The tasters were told that acid was 
the taste substance being employed. A dilute, above-threshold, solution was presented to 
the tasters at the first session for familiarization 

Samples were presented in 125 ml. beakers containing 30 ml. of solution. Five 
were given at each session. The taster was required to state which solution was th 
acid. The order of presentation and the number of low and high concentrations 
randomized. Two types of tests were conducted: (a) distilled water versus acid (b 
acid at one concentration versus acid at ™% the concentration. The concentrations used 
are given in Table 1. The tartaric acid was C.P. grade 

In the water-acid series, the taster started at concentration 1 and continued to lower 
concentrations if all the first 15 pairs were correctly identified or to higher concentrations 
if one or more pairs were incorrectly identified. Unless 4 or more pairs were incorrectly 
identified at the initial concentration, the test was also continued to lower concentrations 


The results of these trials are given in Table 2. 


TABLE 1 
Concentrations of tartaric acid solutions in water 


ration of tartaric 


moles per lite 


0.00000293 
0.00000586 
0.00001172 
0.00002344 
0.00004688 
0.00009375 
0.00018750 
0.00037500 
0.00075000 
0.00150000 


; Ut Wh = 
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TABLE 3 


Regression lines fit to percent right choices for Groups I and II and both Groups com- 
bined (total). The range of validity is indicated by the values of x included 
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is logarithmic. It is expected that there is a non-linear effect at either end of 
the ranges for each of the groupings employed. 

If we consider the power, which is 1 minus the probability of an error of 
the second kind, of the groups I and II and I and II combined for a particular 
number of trials, 10, and a fixed probability of error of the first kind, 0.05, 
we get the result pictured in Figure 2. We note, for example, that for con- 
centration 1/4 that the power ( probability of detecting a difference) for group 
I is 0.85, for group II is 0.16 and for the combined groups is 0.31. That is, 
group I is tremendously more effective in detecting the presence of acid than 
is group II or the whole panel. We emphasize that the probability of an error 
of the first kind is constant for all the groups. 

We come now to a consideration of the data in Table 4. If our scale for 
measuring concentrations is correct, we would expect that if a taster could 
detect a difference with a given probability between 3 and 2 he could also 
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Figure 1. Linear relationships between probability of detecting a difference and 
concentration of tartaric acid on a log scale for two groups of tasters and the combina- 
tion of the groups. 
Note: A test of the significance between Group I and Group II ean be made by com 
paring the constant terms in the regression lines. The spread of the dots about the 
regression lines appears to be about the same in both cases. If we assume they are 
except for random fluctuations we can compute t = (58.70 — 41.09)/2.10 = 8.39 with 6 
degrees of freedom. Hence, P < 0.001. 
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Figure 2. Power of detection procedures for two groups of tasters and the combina- 
tion of the groups, n= 10, a= 0.05. 


detect a difference between 2 and 1 with the same probability. This situation 
would continue unchanged until the concentrations became so small that they 
play the role of distilled water; that is, the concentrations are one or both 
below the taster’s threshold. 

The data in Table 4 are, of course, subject to random fluctuations but it 


TABLE 4 


Percent right choices out of 15 trials for one acid solution against the next lower 
solution for 24 tasters listed in the same order as in Table 1 
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appears that many of the tasters behave as expected. The data on threshold 
in Table 2 should be considered in this connection in estimating the points 
at which ability to detect differences between concentrations can be expected 
to disappear. 

However, there is some evidence that differences at higher concentrations 
are slightly more detectable for some tasters. To the extent to which this is 
true, it is indicated that the logarithmic scale is not linear for these tasters 
beyond the threshold concentrations. More data are needed to explore this 


acid versus acid situation more fully. 


SUMMARY 


An organoleptic experiment on the detection l 


acid in distilled water and 
the differences between such acid solutions has been presented. From the 


standpoint of detecting organoleptic differences if they exist, it is important to 


of 
I 


use the best tasters available. 

The acid versus acid part of the experiment gives a check on the linearity 
of response of the tasters on the commonly used logarithmic scale. It seems 
that for many tasters the response is approximately linear over a considerable 
range. However, there is some evidence that for other tasters the response is 
not linear in that differences at higher levels are more likely to be detected. 

We note that the data reported here consist of two independent sets for the 
same tasters. Typically there are 75 taste trials for each taster presented it 
Table 2. Independently, there are usually 75 more taste trials presented for 
the same tasters in Table 4. The results, as far as the two groupings are 


concerned, are very consistent. 
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Difco product. The liver infusion was prepared with 2% agar. All media were sterilized 
at 15 p.s.i.g. for 15 minutes. 

The c. p. anethol and thymol used were obtained from the Eastman Kodak Co. Both 
compounds are considerably more soluble in organic solvents than in water. Therefore, 
they were diluted ten-fold with 95% ethanol before use in the media. The 2 stock solutions 
were stored at room temperature. The anethol was kept in a dark bottle because of its 
sensitivity to light. At a given concentration there was a significant reduction in inhibition 
of the test cultures when the compounds were added to the media before sterilization. 
Therefore, they were introduced after the media had been heated. In the case of the agar 
media they were added and mixed when the temperature was approximately 45° C. 

A total of 108 different cultures including 2 genera of actinomycetes, 15 genera of 
bacteria, 15 genera of molds, and 6 genera of yeasts were used as test organisms. The 
names of these genera together with the number of cultures and species of each genus are: 


Genera Tested 
15 genera of bacteria 15 genera of molds 
(66 cultures representing 43 species) (27 cultures representing 27 species) 
Acetobacter 3 cultures, 3 species Absidia l culture, 1 species 
Aerobacter 4 cultures, 2 species Aspergillus 7 cultures, 7 species 
Azotobacter 1 culture, 1 species Botrytis l culture, 1 species 
Bacillus 19 cultures, 8 species Cephalothecium I culture, 1 species 
Corynebacterium 2 cultures, 2 species Chactomium I culture, 1 species 
Escherichia 5 cultures, 2 species Fusarium 2 cultures, 2 species 
Lactobacillus 11 cultures, 6 species Gliocladium l culture, 1 species 
Leuconostoc 3 cultures, 2 species Memnoniella l culture, 1 species 
Microbacterium 2 cultures, 1 species M yrothecium l culture, 1 species 
Propionibacterium 2 cultures, 1 species Neurospora I culture, 1 species 
Pseudomonas 3 cultures, 3 species Paecilomyces 1 culture, 1 species 
Salmonella 3 cultures, 3 species Penicillium 6 cultures, 6 species 
Sarcina 2 cultures, 2 species Rhizopus 1 culture, 1 species 
Shigella 2 cultures, 2 species Scopulariopsis l culture, 1 species 
Streptococcus 4 cultures, 4 species Trichoderma l culture, 1 species 
6 genera of yeasts 2 genera of actinomycetes 


(11 cultures representing 9 species) (4 cultures representing 4 species) 
? 


Candida 3 cultures, 3 species Nocardia 2 cultures, 2 species 
Hansenula l culture, 1 species Streptomyces 2 cultures, 2 species 
Pichia l culture, 1 species 
Saccharomyces 2 cultures, 2 species 
Torulopsis 2 cultures, 1 species 
Zygosaccharomyces  2cultures, 1 species 


The cultures which showed a marked resistance to either anethol or thymol will be 
identified as to species. 

The effect of concentration of anethol and thymol. The effect of concentration of 
avethol and thymol on growth of lactic acid bacteria was first determined in glucose 
tryptone broth. For this purpose, 100 ml. portions of the medium contained in 250 ml. 
cotton-plugged Erlenmeyer flasks were sterilized. Then the appropriate amounts of 
anethol or thymol were added to different portions of the medium. (Anethol was tested 
in concentrations of 0.01, 0.05, 0.10, 0.20, and 0.30% whereas the more reactive thymol 
was used in concentrations of 0.01 to 0.05% increased in increments of 0.01%). After 
inoculation with 0.1 ml. of culture the test media were incubated at 30°C. for 3 days. 
The experiments indicated that 0.2% anethol was sufficient to prevent growth of the test 
cultures of Lactobacillus plantarum and Leuconostoc mesenteroides in the glucose tryptone 
broth. Growth was retarded with 0.10% anethol but apparently was uninhibited when the 
concentration was reduced to 0.05%. In comparison, a concentration of 0.03% thymol 
was sufficient to almost completely prevent the growth of the test cultures under the 
conditions of this experiment. However, when the concentration of thymol was reduced 
to 0.02% the 3 L. plantarum cultures grew well and the two L. mesenteroides strains still 
were inhibited slightly. The latter also grew well when the concentration of thymol was 
further reduced to 0.01%. 
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Glucose tryptone broth had been used because of its simple composition and ease of 
preparation. However, it was thought desirable to test liver infusion broth, a medium 
known to support species of Lactobacillus extremely well, and to compare the effect of 
thymol on growth when using this more productive medium. Thymol was chosen for 
the test because the concentrations in which it was to be used were within the range of 
its solubility in water (0.085 g./100 ml. at 20° C.) whereas pure anethol is almost insoluble 
in water. Furthermore, since relative growth was to be measured by use of the colorimeter, 
it was undesirable to use the anethol-alcohol mixture required because the higher con- 
centrations caused a turbidity to appear in the medium 

The experiment was conducted in screw a 250 x 25 m.m. tubes because they could 
be used in the colorimeter and the per cent light transmission read directly. Accordingly, 
two series of tubes were prepared: one contained 25 ml. of glucose broth and the other 
contained 25 ml. of liver infusion per tube. Thymol was added in concentrations of 0.01, 
0.015, 0.02, 0.025, and 0.03%, respectively, to each medium. Then each tube in both series 
was shaken, placed in the colorimeter and the deviation it produced from the tube con- 
taining the reference solution (100% transmission) was recorded. Both media were then 
inoculated with 0.1 ml. aliquots of the culture of L. plantarum grown in liver infusion 
broth. At time of use the inoculum contained 4.8 x 10° cells per 0.1 ml. The tubes were 
incubated at 30° C. for 100 hours. The differences in per cent light transmission resulting 

om differences in ywth were taken at varying intervals. 

Use of liver infusion broth did not increase the resistance of the plantarum culture 

thymol. However, at a given concentration of thymol, more turbidity was produced 
arlier in the liver infusion than in the glucose tryptone broth. | absence of any 
incre ased ré Pr ance to thymol by L. plantarum grown in the thymol, li infusion mediun 
it was lecided to make all addition: t ith the glucose tryptone basal medium because 
ase of its preparation as compart ith the liver medium 
determine whether agar influen inbihition cause 
sly noted in liquid lia, a seric i te were made 
( Dik 
transferred I lish hen exactly 
agar were added and the contents thoroughly mixed 
was marked into 4 sectors with a wax pencil. Then tl 
ulated with a loopful of one of 4 organisms; L. plantarum, Bacill racerans, 
ranacfaciens, or Aspergillus fumigatus. The plz n re incubated at 
for 3 days 
was observed tl Ithough lantarw could w in the presence of 0.09% 
I reduced t 
{ i tolera by L. plantarum 
inhibition still \ ident at a concentration of 0.02%. At this 
Id A. fumigatus grew f ipinseey gp dee as apparent th 
tl 


selective for the lactic achd tacterte would be very critical 


The effect of = on inhibition by anethol and thymol. The + f the medium has 


shown to affe he selectivity of the liver infusion-sorbic acid media described by 
i 5, 19). Therefore, th fect of the pH value he inhibitory 


x 09 also was investigated. To determine this é flasks of 


agar were adjusted to the desired pH values ant erilized as before 
hen, 1er 0.06% anethol or 0.015% thymol was added to the flasks of sterile medi 
After thorough mixing, the 2 test media were distributed in petri dishes. 1e test me 
then were inoculated with the ’ ultures and incubated for 3 days at 
Inhibit ry effects of bot! iethol ; thymol re increased the pH ue of the 
ylucose tryptone agar was decrez ; \ pH values which favored the growth of 
L.. plantarum under the conditi riment appeared to be 6.2 and 6.4 in the 
anethol and thymol media, respectively 
The inhibition of microorganisms other than lactic acid bacteria. If an anethol or 
a thymol medium was to be useful for selective growth of lactic acid bacteria either one 
would have to inhibit all other microorganisms. As a final test of the selective action of 


these 2 compounds each of the 108 cultures of actinomycetes, bacteria, molds, and veasts 


listed above were grown on glucose tryptone agar which contained either 0.08% anethol 
or 0.02% thymol. The final pH values of both test media were 6.7. Each petri dish of 
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test medium was streaked with a single culture. The same culture also was grown o1 
plain glucose tryptone agar as a control. The inoculated media were incubated at 30° ¢ 
for 3 days. 

None of the actinomycetes or yeasts grew on the media containing anethol « 
and none of the molds grew on the medium with anethol. However, the 3 cultures 
A. fumigatus, Aspergillus terreus, and Paecilomyces varioti grew on the thymol medium 
approximately half as well as they did on the thymol-free control agar. 

As shown in Table 1 all of the lactic acid bacteria tested grew in the presence 
either 0.08% anethol or 0.02% thymol although marked inhibition was noted with some 
cultures. It is also interesting that a number of other bacteria grew extremely well in 
both of these media. The coliform bacteria and species of Pseudomonas were especially 
active. (In a subsequent test these 2 groups of bacteria still were uninhibited wher 


x thym 


ol 


‘ 


amount of thymol was increased to 0.25%, the concentration which markedly in 


most of the lactic acid bacteria). 
DISCUSSION 


These observations indicated that if media with anethol or thymol were t 
be of value for selective isolation of lactic acid bacteria they had to be restricted 


in use to conditions where these bacteria predominated the microbial popul 
tions. Tests of this speculated restricted use were made in the field with 


samples of citrus fruit wash waters and normal fermenting cucumber brines 


and in the laboratory with various dehydrated vegetables. The media were of 
no value for detecting lactic acid bacteria in the majority of the dehydrated 
vegetable samples because the populations were not predominantly lactic acid 
bacteria. Aerobacter, aerogenes types predominated the microbial populations 


TABLE 1 


Resistance of various bacteria to 0.08°% anethol and 0.02% thymol 


Aerobacter aerogenes 


w 
se 


Aerobacter cloacae 
Azotobacter agile 
Baccillus cereus 

Bacillus coagulans 
Bacillus polymyxa 
Escherichia colt 

E. colt. var. acidilactici 
Lactobacillus acidophilus 


Lactobacillus arabinosus 
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Lactobacillus casei 
Lactobacillus pastorianus 
Lactobacillus plantarum 
Leuconostoc citrovorum 
Leuconostoc dextranicum 
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Leuconostoc mesenteroides 
F’seudomonas aeruginosa 
Pseudomonas itndoloxidans 
Salmonella enteritidis 
Shigella dysenteriae 
Streptococcus faecalis 
Streptococcus lactis 
Streptococcus viridans 
Streptococcus zymogencs 
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fresh sausage composed of finely chopped pork, veal, beef, and potato flour. Here the 
starch remained intact until the sausage became spoiled. 

How is the decomposition of the starch to be explained? When added to fresh meat 
in a cooked (gelatinous) state it is likey to be attacked by the a-amylase present in meat. 
The effect of the enzyme is accelerated by salt. In summer sausage, acid hydrolysis and 
action of microorganisms must be considered, too. When native starch is heated along 
with the meat ingredients in the sausage, however, gelatinization of the starch, inactiva- 
tion of the meat enzymes, and the destruction of vegetative bacteria will almost coincide. 
In consequence, it is to be expected that rate of heating, width of the sausages, and final 
temperature attained will play roles in the decomposition of starch during and after 
processing. Hence, samples were taken from various types of sausages during different 
stages of processing under practical conditions in the plant, and during storing as well, 
for analyzing the content of starch. For these experiments homogenization was carefully 
accomplished and, in addition, 5 samples were collected from each stage and mixed. The 
weight of potato flour, etc., the weight of the whole lot of sausage, and the shrinkage at 
each stage was controlled to enable calculating the starch content on an equal basis. 
Thirty-eight lots were examined, the results of which are summarized in Table 2. Also, 
the reduction power of extracts of the sausages was tentatively determined according to 
the method of Willstatter-Schudel, modified by Myrback (4). 


TABLE 2 


Changes in starch content during processing and storage of 
various kinds of sausage products 
All data are calculated on a fresh (raw) weight basis. Temp. in core means tempera- 
i f d, cooled 


ture in core at the end of the smoking or cooking period intshed means cooke 
in a shower-bath (except Nos. 31-. and stored over night in the 

Storage temperature, unless otherwise stated was 6-10° C 

Observations. Products Nos. 1-26 were emulsion sausages, - © potat 
flour had been added (with the exception of Ni , calculated on a final weight basis 
According to Swedish law, 5% potato flot l ir inished prodt 

Products Nos. 1-4 were finely cho 


No. 4 
35% cooked potatoes were added inste: f potato flour. Meat ingredients: pork, veal and 
beef in Nos. 1-3, pork and beef in No. 4. Content of protein was about 8-10%, fat 20-25%, 
water 60-62%. 

Nos. 5-26 were finely cl 


American types of pork sausage, which are usually coarsely chopped. In sausage 


and sometimes veal (as 

sausage, 2nd quality, also ¢ a I 

between 1% and 2 hrs.; smokir temperature was 60-70° C 

80° C. was applied at the end of the period. Cooking time 

(wieners) and 1 hr. (thick bologna). king temperature was kept between 75-80° C. 
Thus, the temperature in the core of the sausage had attained at least 70° C. at the end 
of the cooking period. Content of protein in these sausages was about 10%, fat 25%, water 
55-60%. 

Nos. 27-30 were smoked (but not cooked) coarsely chopped sausages, containing 
beef and pork. Content of water was about 50%. 

Nos. 31-33 were cooked but not smoked products constituting a mixture of 2 parts 
cooked meats (beef, pork, hearts, lungs, kidneys) and 1 part cooked pearl barley, each 
kind separately cooked. 

The liver pastes (Nos. 34-36) contained i.a. 40% pig liver, ’ pork, 
flour. They were cooked for 2% hrs. at 85° C. in moulds holding 2% kg. 

No. 37 and 38 contained 44% pig blood, 10% syrup, and 20% rye flour. The sausage 
was cooked in horse casings (diam. 70 mm. and wider) for 2% hrs. at 80° C., the black 
pudding was cooked for 234 hrs. at 100° C. in cylindric moulds (diam. 125 mm.) holding 
3 keg. 

The diameter of sausages Nos. 5-9 was 65 mm.; Nos. 10-11 and 14-15: mm. ; 
Nos. 12-13: 43-46 mm.; Nos. 16-20: 32-35 mm.; Nos. 21-22: 21-23 mm.; Nos. 23-24: 
20 mm.; Nos. 25-26: 18-20 mm.; Nos. 27-28: 65 and 50 mm.; Nos. 29-30: 32-37 mm.; 
Nos. 31-32: 38 mm. and greater. 


and 2% wheat 
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The length of the sausages Nos. 16-20 was 15 cm.; Nos. 21-22: 19 cm.; Nos. 23-24: 
15 cm.; Nos. 25-26: 6 cm.; Nos. 27-28: 40 and 60 cm.; Nos. 29-32: 15 cm. 


The Swedish names of the products appear in parentheses. 


Lot No 


Product 


sausage (RA flaskkorv) 
of sausage: 5.8; 5.4; 
5.0, respectively 


sausage 
sausage 
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landskorv } 
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Lot No. 


Product 
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16 


Bologna (rings), 3rd quality | 
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Bologna (rings), 3rd quality 


Luncheon sausage 
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jtime : 90 min. 


Smoking °C 
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Lot No. | Product | content, sn ed 

| o culated as 
% maltose 








Black sausage 4.7 


cooked 


Black pudding | fresh 
cooked 





* Concentration of brine: 4%. 
** Concentration of brine: 3 and 4%. No different effect was observed in these brines 


CONCLUSIONS 


As has been mentioned, the native starch in the fresh sausages Nos. 1-3 
was not (or practically not) affected, not even after storage. Of course, the 
reduction power would diminish when storing in brine, due to dialysis of 
reducting matters through the casing (hog casing). 

In fresh sausage No. 4, however, the starch of the cooked potatoes decom- 
posed to a marked degree, from 4.9% to 2.7%. 

As to the bologna sausages, Nos. 5-15, the decomposition of the starch 
had gone particularly far in the thick ones. An extreme break-down had 
occurred in No. 6, less in Nos. 5, 7, and 8. Asa rule, the starch was decom- 
posed during cooking, although there were examples of a break-down during 
smoking, too (cf. No. 7). Evidently, disappearance of part of the stare 
occurred even during storage at relatively low temperatures (cf. Nos. 8, 
and 7). In the thinner types of bologna, represented by Nos. 10-13, the 
decomposition of starch was insignificant. In the sausages Nos. 14 and 15, 
however, the break-down of the starch was extremely high, probably due to 
the enzymatic activity contributed by the organs present in this type of sausage. 

The still thinner smoked and cooked sausages, represented by Nos. 16-26, 
showed a somewhat varying behavior with regard to starch decomposition. 
Thus, in Nos. 16 and 17 a significant break-down of starch occurred during 
the smoking process (from 3.4 to 2.7% ), and, especially when considering No. 
17, also during storage (from 2.6 to 2.1% in 5 days). On the other hand, the 
starch in Nos. 18-20 was mainly decomposed during the cooking process, 
due to a relatively low smoking temperature. In Nos. 18 and 20 a significant 
“disappearance” of starch occurred during storage. 

In frankfurters and wieners (Nos. 21-24) the starch passed through the 
whole manufacturing process and storage without being seriously attacked. 
Yet, No. 24 was an exception insofar as a break-down of starch from 3.7 to 
2.4% occurred during smoking. No doubt this was on account of the high 
smoking temperature, which caused 72° C. in the core at the end of the 
smoking period. In sausages Nos. 25 and 26 the percentage of starch added 
was significantly lowered (1-14%4%) during smoking, probably for the same 
reason as in No. 24, but no marked change was observed during storage. 

The reduction power of the sausages Nos. 4-26 was inversely proportional 
to the starch content. There were, however, exceptions. In these cases the 
reduction power, calculated as maltose, as a rule was a little lower than was 
to be expected from the decomposition of the starch. 

In sausages Nos. 27 and 28 a strong break-down of the starch, deriving 
from the cooked potatoes, occurred. Although of a different type than sausage 
No. 4, the source of starch was the same. Thus, the results were similar, too. 
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The loss of starch was exactly compensated by a corresponding gain in 
“maltose”. 

Sausages Nos. 29 and 30, containing cooked potatoes and cooked pearl 
barley, showed a moderate decrease in starch during smoking. During the 
storage period, however, the decomposition of starch was greater. There are 
three factors which may contribute to an explanation of these matters: 1) time 
is required to attack the cooked pearl barley; 2) pH is changed from about 
6 to 4%; hence hydrolysis must be considered; 3) growth of bacteria is 
favoured by time ; a break-down caused by bacteria may also occur. 

In sausages Nos. 31 and 32 a moderate lowering of the starch content, 
between 14 and 1%, occurred during storage, probably for the same reasons 
(except the first one) as those mentioned in discussing the two preceding 
products containing pearl barley. In the present type of sausage the ingredients 
were cooked before mincing and mixing. Thus, the development of bacteria 
rrocesses and filling as well as to the infection 
x 


} 
i} 


was due to infection during these ] 
I : ng process only a small change of the starc 


> 


’ ied 
No IJ). 


by the casings. During the canni 
content was observable 

lo the liver p. , Nos. 3 , 2% wheat flour was added. Additionally, 
as a source of carbohydrate, tl resence of glycogen mus assumed, 
although most of it usually is broken down before processing. During cooking 


, ‘ 1 1 
the starch content wa wered , , whl he reducti , calculated 


maitost 


tituting 14.9% had a starch 


} 
} 
i 


nposition, 
Th 


Te 


casings. 


observed in this res 
power of tl ausage, in spite of ; re far-reaching decomp 
in the sausage than ir iding, turned out to be less than 
pudding, which was cooked at 100 . In closed moulds. Her 
was broken down to a 
| ‘hus, 12 


g¢ than in its outer layer % 


7% 
starch was found in an outer laver constituting 5.5% of the pudding as com- 
pared to 9.1% starch in a -e constituting 25% of the total pudding. The 
reduction power, calculated as maltose, was 7.3% and 9.1% respectively 
The content of “maltose” in the rye flour used was 4.1% as compared to 4.7% 


in the fresh black pudding 
Observations on the decomposition of starch. From the discussion so far, 
it will be noted that a common feature of the decomposition of starch in sausage 


products is the relation to heat treatment. It seems certain, that 1) gelatiniza- 
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tion of the starch is a prerequisite for being acted upon, and 2) degradation 
by amylases are the most important factors involved in the break-down of the 
starch. Generally, the processing time, during which the temperature is 
favourable for growth of bacteria, is very short. Moreover, smoking will 
retard the development of microorganisms. Thus, a degradation of starch by 
microorganisms may only be considered in some cases during processing ( Nos. 
27-30) and during storage (Nos. 29-32). In the products Nos. 27-32 the 
conditions for acid hydrolysis were present. On the other hand, the action of 
animal amylases is of minor importance at low pH. Whether or not bacterial 
action is of any importance in the decomposition of starch during storage of 
the cooked sausages Nos. 5-26 is uncertain, practically all vegetative micro- 
organisms being killed during the cooking process. An approach to this matter 
was made by examining the number of microorganisms in the sausages after 
processing and at the end of the storage period. The number of micro- 
organisms in the fresh sausages and in the various stages of processing was 
also determined but seems to be of no particular importance in this connection. 
The result was an almost invariable number of microorganisms growing on 
broth agar, the magnitude being 10* to 10* per gram (apart from No. 5, see 
below), both after cooking and at the end of the storage period (7 days). In 
some cases even a lesser number of microorganisms was observed after storing 
than after cooking. In particular, the number of microorganisms in sausage 
No. 6 with highly decomposed starch was 2-10* per gram after cooking and 
1-10* after storage for 7 days, as opposed to the sausage No. 5 with moder- 
ately decomposed starch, the corresponding figures being 1-10? and 2-10°. 
For comparison, the number of microorganisms in the sausages Nos. 27-28 
and Nos. 29-30 growing on broth agar may be mentioned: in Nos. 27-28: 
1.5-10* (fresh), 1-10* (smoked), and 7.5-10% (stored 14 days); in Nos. 
29-30: 7-10° (fresh), 4-10° (smoked), and 3-10 (stored 7 days). 

Thus, bacterial activity is likely to be of no importance during low tem- 
perature storage of smoked cooked emulsion sausages Nos. 5-26. A fact, 
which has not been regarded in full, is the variability of the quality of potato 
flour. Marked differences as to the viscosity of various lots of potato flour 
have been observed. With the exception of four of the sausage products 
investigated, one of which was No. 6, wherein the starch was highly decom- 
posed during processing, potato flour of practically the same viscosity was 
used in manufacturing the sausages used in these experiments. 

Alpers and Ziegenspeck (1) have also investigated the degradation of 
starch in sausage products. They stressed the autolysis of starch pastes as an 
explanation of the disappearance of starch in sausages. It may be that autolysis 
its responsible for the breakdown of starch under certain conditions and proba- 
bly the quality of starch is of importance in this connection, but, when 
considering the very small changes of the starch content in sausages Nos. 9-13, 
16, 19, and 21-26 during storing, autolysis must have played a minor part in 
starch degradation. These authors also concluded that enzymatic decomposi- 
tion of starch must be of great importance. On the other hand, although the 
conclusions of these authors as to the break-down of starch by bacteria are in 
accordance with the findings in some fresh sausages (Nos. 27-32), they are 
not in accordance with the findings on smoked and cooked sausages Nos. 5-26. 


Unfortunately, the blank test of the reduction power, i.e. the value of 
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reduction of the fresh sausages, cannot be considered as a constant, not even 
for the same type of sausage, as for example the Nos. 1-26 (except No. 4). 
Thus, the reduction power, calculated as maltose, fluctuated between 0.9 and 
2.1%. Yet, 14%% seems to be a rather useful mean. About half of that was 
later obtained in a series of analyses of the reduction power by means of 
Fehling’s solution, using phosphotungstic acid as the precipitant for protein. 
However, the same variations of the blank test as mentioned above were 
obtained. This was true both in fresh sausages and in beef, veal, or pork 
alone. The determination of the reduction power of the carbohydrates is 
affected i.a. by the amino acids present in meat. A striking example of a high 
blank test is that of liver paste (Table 2), owing to an extensive glycogenolysis 
and proteinolysis in liver tissue. A recent investigation of the influence of 
amino acids on the determination of reducing carbohydrates according to vari- 


ous methods is made by Iwainsky (3). 


SUMMARY 


rhirty-eight different sausage products were investigated with regard to 
the decomposition of starch during processing and storage. Four fresh and 
2? cooked and 
424 cooked and 


g 
products of the emulsion sausage type containing 
potato flour as an ingredient were examined. Further, 4 smoked, semidry 
sausages (summer sausages) containing cooked potatoes and 


au cooked pearl 
; “Ree 5 
barley, respectively, were investigated. Finally, 3 sausages containi 


e€ meat ingredients and the barley 


pearl barley (in which th 
cooked before mixing), 3 liver pastes, 1 black sausage, and 1 


were also included in the experiments. 
Results are summarized in Table 2. Generally, the c 

markedly decreased during the cooking process when gelatinizatior 
starch occurred. Although no proof of amylase activity was given 

| the gelatinized starch is likely to have been attacked 
enzyme. Non-gelatinized starch remained unattacked. Decompositi 
starch during storage is of importance primarily in summer sausages and to 
some extent also in thick bologna. In the former products bacterial action and 
acid hydrolysis may play roles in the decomposition of starch 


The reduction power was increased as the starch was decomposed. 
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Investigations concerned with quantitative detection of the bacterial con- 
tamination on surfaces are often impeded, because the presently available 
techniques are limited either in reliability or application to certain surfaces. 
The American Public Health Association (2, 3) recommends the cotton swab 
rinse method for examination of food and dairy utensils. However, this 
technique merely yields an index of the sanitary quality of utensils and is not 
a quantitative method (4). 

This investigation was undertaken to develop a direct surface aga 
(DSAP) method by which the bacterial contamination on nonporous surf 
could be quantitatively determined. This technique was needed to provi 
means for comparison of commonly used recovery methods 


EXPERIMENTAL PROCEDURES 


Direct surface agar plate (DSAP) method. DSAP determinations of 
contamination on surfaces were performed by drawing a circle, the area of 
4.0 sq. in. (diameter 2% in.) on the test surface employing a small Petri dish tt 
a template and a wax pencil. Sterile agar medium was pipetted into the circle in the 1 
of 0.25 to 0.5 ml. of medium per sq. in. of surface. Any area may be employed in making 
such a determination, but the above ratio of medium to surface area san mp led must be 
maintained. The agar was spread evenly over the area with tl f nd 
was contained within the specified area by the wax pen il line. 
of agar was covered with a Petri dish lid containing a piece ‘ filter pay 
The test object was then incubated in a high humidity chamber fenes roximately saturated 
atmosphere) at 35° C. for 16 to 18 hours. The moistened filter paper and humid atmos 
phere prevented the agar from dehydrating, and during incubation colonies develop 


Following incubation, the preparations | were remove “d ee the incubator and the agar 


circles were flooded, dropwise, with 0.5% aqueous solution of 2,3,: rriphenyl 2 H-t 
zolium chloride and permitted to stand at room temperature for woh to 15 minutes or u nti 
ali the colonies developed a deep red color. The stained preparations were dried in at 
oven at 65 to 70° C. for 10 to 15 minutes. Slow drying at room temperature was also 
found to be satisfactory. Organic soil or extraneous matter on the surface did not interfere 
with the specificity of the staining reaction. The stained colonies were counted by placing 
a glass grid over the dried preparation and observing it under a stereoscopic microscope 
(15 X) with a bright light directed onto the surface from a 45° angle. 

Comparison of DSAP method to conventional plate count technique. The ability of 
the DSAP method to measure quantitatively surface contamination was determined by a 
comparison of the recovery of organisms by this method against a conventional plate count 
technique used to determine the numbers of organisms present in the contaminating 
inoculum. 

Bacillus globigii spores ° were suspended in sterile distilled water and filtered through 
Whatman No. 2 paper. After filtering, the spores were washed 5 times in sterile distilled 


* This work was supported in part by the Federal Civil Defense Administration under 
Delegation No. 1 to the Department of Health, Education, and Welfare. 
” Obtained in a concentrated “mud” form from Fort Detrick, Frederick, Maryland. 
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water by centrifugation, resuspended in sterile distilled water, heat shocked at 80° C. for 
10 minutes and stored at 5° C. Just before use, an aliquot of the spore suspension was 
again heat shocked and diluted in sterile distilled water to yield the desired concentration. 
Final concentrations of viable spores per ml. were determined by preparing triplicate 
tryptose agar pour plates which were counted after 48 hours incubation at 35° C. 
Micrococcus pyogenes var. aureus 209 was grown on brain heart infusion agar slants 
incubated at 35° C. and transferred daily to fresh slants. The growth from a 24-hour 
slant was suspended in sterile, buffered, dilution water (1) and adjusted to 90% transmit- 
tance at 620 mu on a Coleman Junior spectrophotometer. The suspension was diluted 
1-10,000 in reconstituted, sterile, skim milk (10% solids) to provide a protective colloid 
for the cells when spread and dried on the test surfaces. These suspensions contained 
approximately 5,000 to 13,000 viable cells per ml. as determined by triplicate 
ryptone glucose extract agar which were counted after 48 hours incubation at 
"T 


platings in 
aT 

i dishes (plates 7 in. diameter) were contaminated by 
in. area in the 


1 


lriplicate, vitreous china, salad d 
ng 0.1 ml.-aliquots of the prepared bacterial suspensions over a 4 sq. 
contaminated with the spore suspensions were dried 10 
nged throughout the daily experiments from 70 to 85° F 


preadi 


minutes at 
and 21% to 55% relative humidity; di contaminated wi ci were dried 10 
minutes at 80° F. and 60% relative humidi 


DSAP determination on china surfaces coated with organic soils. Various spore-soil 


mixtures were prepared from the heat shocked aqueous spore suspension and used to con- 
i ribed abov Spore-soil mixtures were such that a 0.1-ml. 


a plates as des a 
Soils consisted of the fol- 


pl 
ained approximately 500 spores by plate count. 

distilled water, reconstituted nonfat dry milk (109% solids 

prepared cake mix, whok uspension, 10% sucr 

hydrogenated vegetable shortening 
DSAP determinations on a variety of surfaces. Employing the procedur lescribed 
above, triplicate squares of s china, painted wood, unpainted wood, plastic, stainless 
steel, plastic food wrapping film, meat wrapping paper, paper picnic plates, and washed, 
white cotton fabric wer ntaminated by spreading 0.1-ml. aliquots of either a water 
suspension containing 0.5% Tween or sterile skim-milk suspension of spores over an 
area of 4 sq. i the sur Unglazed porcelain was also used; but, 
because of the highly rbent natur f the porcelain, a 1.0-ml. aliquot of suspensior 
containing an equal number of spores was used as an inoculum. 


RESULTS 


The ability of the DSAP method to recover quantitatively 
china surfaces is shown in Table 1. Based on averages of triplicate determinations, 
the direct surface agar plate detected from 87.6% to 100.9% of the number of spores 
Coefficients of variation and the 95% tolerance limits for 


inoculated on the salad dishes 


B. globigti spores from 


as averages of triplicate determinations, were calculated for 


single determinations, as well ; 
limits can be stated as follows: 


the DSAP and conventional pour plate methods. Toleranc« 


TABLE 1 


Comparison of conventional plate count to the DSAP method for recovering Bacillus 
globigii spores and Micrococcus pyogenes var. aureus 209 from china surfaces 


tlius alobiatt spores Micrococcus pyogenes var. aureus 209 


Surface Recovery ——— 
inoculum by by DSAP peels 
plate count ? method ! 7 y 


Surface Recovery Riad 
inoculum by by DSAP brs na ca 
plate count? method ? _— 


very 


113 99 87.6 670 569 84.9 
103 101 98.0 720 507 70.4 
120 115 95.8 1,060 030 97.2 

22 112 91.8 1,330 069 80.4 
113 108 95.6 970 494 50.9 
123 111 90.2 640 513 80.1 
109 110 100.9 960 924 96.2 


1 Each value represents the average from triplicate determinations 
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if single determinations are made by the conventional plate count and by the DSAP 
method, using equal aliquots of the same suspension, the latter will detect from 84.7% to 
103.5% of the number of spores present in the inoculum as determined by the plate count, 
95 trials out of 100. Similarly, if 2 groups of 3 determinations are made by each method 
and their averages compared, as was actually done in the above experiments, the DSAP 
method will determine between 88.5% and 99.3% of the contamination, 95 trials out of 100. 

In the experiments with micrococci (Table 1) quantitative recovery equivalent to that 
obtained with spores did not occur. Recovery of micrococci by the DSAP method ranged 
from 50.9% to 97.2% in the 7 experiments. Variation between triplicate counts within a 
single experiment cannot account for the entire range of recoveries obtained. This result 
infers that death of the cells during drying varied from experiment to experiment but not 
between replicates within a single experiment. Since the environmental conditions of 
temperature, humidity, inoculum size, and experimental time limit were rigidly controlled 
in all seven trials, it is likely that most of the variation was related to differences in 
susceptibility to drying among the individual cultures employed. 

For a given experiment, ratios of single DSAP counts to single plate counts vary 
between limits which are dependent on the amount of death due to drying. Tolerance 
limits are directly proportional to the average percentage recovery for that experimen 
Specifically, in 95 trials out of 100, the DSAP to plate count ratio will lie between 719 
and 141% of the average percentage recovery obtained 

The average percentage recovery of the 7 experiments performed was about 80%, s 
that ratios of individual DSAP counts to plate counts would vary between .57 and 1.13 
in such an average experiment, 95% of the time. 

Using averages of triplicate determinations by each method, the 95% tolerance limits 
for their ratio are narrowed to 91% to 110% of the average percentage recovery in a given 
experiment. In an experiment with 80% recovery, such replicate ratios would vary 
between .73 and .88. 

Comparison of the precision of the DSAP method with that of the conventional plate 
count technique revealed that the variation between replicate counts of both techniques 
was equivalent. The coefficient of variation was shown to be 7.1% in the spore determi 
nations and 11.5% for the micrococcal experiments. 

With water or milk suspensions of spores, application of the direct surface agar plate 
method to various surfaces revealed that recovery was dependent to a great extent upon 
the nature of the surface material. Surfaces containing toxic constituents or highly porous 
surfaces yielded low recovery rates. Table 2 shows the average per cent recovery of spores 
from various surfaces and reveals that recoveries of the type described for china were 
obtained only on stainless steel and plastic. However, it was not possible to determin 
from these experiments whether the low recovery on the other surfaces was due to death 
of the spores or to the fact that the agar medium was not accessible to spores sheltered 
in the minute cracks and fissures of the surface. 


+ 
t. 
4 
0 


TABLE 2 


Recovery of B. globigii spores from various surfaces by means of 
the Direct Surface Agar Plate method 


| Averag 


Type of surface contaminated Water 
357 


7-438 spores 
per 0.1 ml. 
91.5 97.0 
71.3 84.0 
Painted wood........... 0.0 0.0 
Unpainted wood e 0.0 0.0 
Pilastic........ ; 90.4 96.0 
Stainless steel............... re 90.6 94.0 
Plastic wrapping film............... 45.3 59.1 
Meat wrapping paper 82.6 70.2 
Paper picnic plates : ; ; 95 41 
White cotton fabric ener 2.6 38 


' Each value represents the average per cent recovery from triplicate determinations 


Unglazed porcelain 
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Recovery of Bacillus globigii spores from china surfaces contaminated 
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The method presents possibilities in such areas as testing residual effects 
of disinfectants and sanitizers, determinations of the persistence of bacteria on 
surfaces under various ambient conditions, determining the bacteriostatic and 
fungistatic effects of paints and various coating materials, and as a laboratory 
procedure for the quantitative comparison of surface recovery methods in 
terms of the proportion of contamination recovered and precision of the results. 


SUMMARY 

A direct surface agar plate (DSAP) laboratory method for detecting the 
bacterial contamination on nonporous surfaces is described. Based on averages 
of triplicate determinations, the DSAP method is capable of detecting, in 95 
trials out of 100, 88.5 to 99.3% of the spore contamination on nonporous 
surfaces. A much wider variation in results between experiments was observed 
in the micrococcal experiments due to differences in susceptibility to drying 
among the individual cultures employed. However, for any individual experi- 
ment the variation was not too extensive and the 95% tolerance limits were 
found to be 91.2 to 109.7% of the average per cent recovery for that experi- 
ment, 95 trials out of 100. 

Comparison of the precision of this method with that of a conventional 


plate count technique showed that the variation between replicate counts of 


both methods was equivalent with either spores or vegetative cells. 
The character of both the surface itself and the film of soil on the surface 


affect the recoveries attainable by the DSAP technique. 
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those encountered in food handling equipment. The total area of the food contact surface 
was 254 sq. cm. Just prior to use, the dishes were detergent washed, water rinsed, steam 
sterilized and flame seared. After cooling, a 0.4 ml. aliquot of the milk suspension was 
pipetted onto the center of each dish. Souvaliaede after dispensing the inoculum, each 
dish was brushed with an individual, dry, sterile typewriter brush” to distribute the or- 
ganisms evenly over the whole of the plate surface. Preliminary studies revealed that a 
0.4-ml. aliquot spread with this particular type of brush resulted in an even distribution 
of the contamination over the dish surface without running, beading, or pool formation 
Dishes treated in this manner required exactly 8 minutes to become visibly dry at 60% 
RH and 80° F. 

2. Bacillus globigti spores. Spore suspensions were prepared as previously described 
(1) and the china dishes were contaminated by spreading a 0.1-ml. aliquot of the final 
aqueous spore suspension over a 4.0-sq.-in. area in the center of a dish and permitting it 
to dry 10 minutes at ambient conditions. Temperature and relative humidity varied within 


the limits of 70 to 85° F. and 21% to 55% RH (sling psychrometer). 


Methods for the examination of contaminated surfaces 

1. APHA cotton swab (1 swab per 4 plates). The procedure recommended by 
American Public Health Association for the bacteriological examination of food utensils 
(3, 4) was employed. 

2. Cotton swab (1 swab per plate). The method deviated fro » APHA pr 
ken into 10 ml. of 


the 


cedure in that a single swab was used to swab one dish and was bri 
the buffered rinse solution. 
3. Calcium alginate swab (1 swab per plate). Machine rolled sw abs were em pl ryed. ; 
t that ngth Ringer’s 
) 


The method was similar to that for the cotton swab, exce] 
solution was used in place of the buffered rinse solution and 1.0 ml. of an aqueous 10% 
sodium hexametaphosphate solution was added to 9.0 ml. of the Ringer’ lution just 
before shaking to dissolve the calcium alginate. 

4. Agar syringe method. A modification of the method proposed by Litsky 
used. A 100-ml. hypodermic syringe, from which the end had been cut to obtain 
cylinder, was sterilized and filled with tryptone glucose extract agar. After hi : 
a layer of medium was pushed beyond the end of the barrel by means of the plunger and 
pressed against the center of the contaminated dish surface for 5 seconds. After contact, 
the layer of mediurn was cut off with a sterile spatula, placed in a Petri dish, and incu- 
bated 24 hours at 35° C 

Surface rinse-agar plate count. Twenty ml. of buffered rinse solution (2) was 
pipetted onto the dish and the contaminated area was scrubbed (100 strokes) with a 
sterile rubber policeman. After scrubbing, 10 ml. of the rinse was distributed in three 
Petri dishes and tryptone glucose extract agar pour plates were prepared. 
plates were incubated 48 hours at 35° C. 

6. Surface rinse-membrane filter count. Following the rinse and scrubbing « 
immediately above, the total 20 ml. of rinse solution was added t« a Millipor e Filter funn 
apparatus containing 100 ml. of sterile rinse solution and filtered t 1 a membrane 
This was followed by flushing the contaminated surface of th 1 with an ade ~?—s al 
100 ml. of sterile rinse solution and collecting the rinse directly in the funnel. As a final 
rinse, the funnel was flushed with 100 ml. of sterile rinse solution. The membrane | was 
placed on a nutrient pad containing 1.8 ml. of double strength tryptone glucose extract 
broth and incubated 24 hours at 35° C. 

Direct surface agar plate method (DSAP). The procedure of Angelotti 
(1) was followed. Tryptone glucose extract agar and incubation conditions of 
18 hours were employed. 

Modifications in the above procedures will be discussed in relation to the results of 
the experiments to which they apply 


lescr bed 


| 
' 
i 


RESULTS 


Validation of experimental conditions. Previous investigation indicated that the 
effect of certain experimental conditions had to be determined before conducting a critical 

» Obtained from Federal Prison Industries, Inc., U. S. Dept. Justice Stock Number 
53B-26020, 100% bristles, 1 in. wide x 13% in. long x % in. thick. 

* Supplied by Splain and Lloyd, Inc., Milford, Ohio. 
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comparison of surface recovery methods. Thus, before using !. pyogenes var. aureus 209 
as a surface contaminant it was necessary to determine: (a) the death rate of the organism 
when spread as an inoculum over the test surface, (b) the distribution of organisms over 
the surface, since the various methods sampled areas of dissimilar dimension, and (c) the 
variation in number of organisms on the replicate contaminated surfaces. 

To determine the effects of these variables, duplicate experiments were performed 
employing 10 dishes per experiment (2 rows of 5 dishes) contaminated as described ab 
At exactly 8 minutes from the time the first pair of dishes was contaminated, tl 


or zero time count was made by performing two DSAP determinati 


I 
rim of each dish (area sampled by each DSAP dete 


pairs of inoculated dishes were sampled at intervals of 


drying. 


of replicate 


variance. 


TABLE 1 
Number and distribution of Micrococcus pyogenes var. aureus 209 recovered by DSAP 
method from glazed china surfaces exposed for different times to constant 
temperature and relative humidity conditions 


rXxyT t 
e RH 


organi 
th e roots ol 
determination as found to be 0.224 
(0.399) en duplicate samplings taken 
indicated that 


that 


lishes which 
%o relative humidity. Therefore, i 
s employing M. pyogenes var. aureus 209 w 
Experimental design. Table 2 illustrates 
comparative evaluation of methods for recovering M 


sets of 15 dishes each were employed. Two sets of 15 


consecutive days employing milk suspensions of the test 

a 24-hour slant culture was prepared each day. Fifteen dishes wer 

and sampled by the seven recovery methods employing the random « ing WI 
in Table 2. Upon completing this procedure for one set of 15 dishes, the nd set of 15 


I 


} 


was similarly treated. Negative control dishes were incorporated in h of the experi 
ments to determine the extent of possible airborne contamination and these were samp! 
by the DSAP method. 
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TABLE 2 


Experimental design for a comparative evaluation of various surface recovery methods 
in recovering Micrococcus pyogenes var. aureus 209 from china plates 





No. of plates Random sequence of testing in 8 experiments 
Surface recovery methods sampled per _ 
experiment 


IandII | UlandIV | Vand VI [VII and VIII 


Direct surface agar plate 
controls...... . 4 8 
APHA cotton swab (1 
swab per 4 plates) 
Cotton swab (1 swab per 
single plate) 
Alginate swab (1 swab 
per single plate ) 





Agar syringe 
Surface rinse-membrane 


hiter 


Surtace 


Recovery of organisms by test methods. Table 3 shows, 
of mik rococci recovered per lish and the | very base 
r plate controi count 

thod re tested 


} lata obtained in the 
as contaminar was conducted. The counts of tl 
methods were first transformed ti 1are roots 
distribut f replicate c 
ratios of 
for each of th 
recovery, overall 
error ascribabl 
from the total va 
Results in Table 

or organisms per 

surface, and no variation in 

time interval, the methods co ! 
n swab method (1 swab per surfat 


recoveries but displayed rather wide variations 


alginate and cotton swabs (1 swab per single surface 


wide variations; and the agar syringe method yield 
variations between replicate determinations 
Comparison of results between the APHA cott 
the cotton swab (1 swab per single surface) methods revealed t! 
in both total recovery and in the amount of variation betweer 
existed between these two methods. In swabbing surfaces ! 
organisms is unknown, the use of a single swab on 4 utensils has ap 
When identically contaminated surfaces were swabbed, tl APHA method 
greater percentage of the contamination with less vartati than did the 
No explanation has been found for these results and further investigation 
Table 5 shows the results obtained when the methods were employed 
B. globigii spores. These studies were not conducted under the highly controlled cor 
tions of time, temperature, and humidity existing in the experiments with micrococci 
They also differed in that the inoculum was spread over a 4.0-sq.-in. area in the center o 
the dish by means of a sterile wire which resulted in uneven distribution of the organisms 


from 


+h 


+ 


over the area. The procedure employed for the cotton and alginate swabs differed 
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TABLE 4 


Statistical comparison of six methods for recovering Micrococcus pyogenes var. aureus 
209 from experimentally contaminated china plates 
Sst Se -- . 15% C.1. | C. V. (x) 
Type of recovery method A x (percent) | (percent) | (per cent 
Control (direct sur- 
face agar plate) 296 10.16 | 3010 100 
gar] 


High recovery, aver- 

age precision 

(1) Rinse-plate Se 20.00 
count 

(2) Rinse-MF count 2 20.00 

(3) APHA cotton 
swab (1 per 37.40 
4 plates ) 


Low recovery, poor 
precision 
(1) Cotton swab 
(1 plate) 
(2) Alginate swab 
(1 plate) 


Low recovery, excel- 
lent precision 
(1) Agar syringe 54 26.19 1410 


‘A = average no. of organisms actually counted 
area of plate sampled 
~ total area of plate 

ige estimate of the number 

X test method ‘i 

: | 

X controls 


e interval for av 


replicate plates. 
those previously described to the extent that the swabs were rubbed 25 strokes over 
entire 4.0-sq.-in. contaminated area followed by an additional 25 strokes at right ar 
to the first. Plate counts of the 10 ml. of diluent were made by distributing it an 
Petri dishes and preparing tryptose agar pour plates which were incubated 
48 hours. The remaining methods were applied in similar manner to th 
the micrococci, but tryptose agar was employed in the agar syri 
agar plate count methods, and a specially prepared broth medium‘ wa 
surface rinse-membrane filter count method. 

The fourth column of Table 5 lists average percentage recoveries by each of the 
methods when the values obtained by the DSAP technique were taken as 100°. It is 
interesting to note that all the methods recovered a smaller proportion of spores than was 
observed with the vegetative cells. Subsequent study revealed that the exceptionally low 
recoveries obtained with the membrane filter method were due to an inability of the spores 
to colonize on the membrane rather than to any difference in actual removal by the scrub- 
ing and rinse. 

* Composition of broth: Proteose peptone, 30.0 g.; Glucose, 6.0 g.; l-alanine, 0.3 g.; 
Tween 80, 0.05% ; Phosphate buffer 0.067M, pH 7.3, 1000 ml. 
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TABLE 5 


Statistical comparison of six methods for recovering Bacillus globigii spores from 
experimentally contaminated china surfaces 


N rg No. org. 
recovered recovered Per cent 
f ' from 4.f : very 
by test 
methods 
ompared 
DSAP 


Recovery 


met} 
methods 


25.4 


60.6 


Although the average | 
mately equivalent for both vegetative cells and spores, t f th ! 
replicate determinations was ater when sp re used. The 
variation observed in recovering s] 


( 
tions on the results. Results observed 


res reflects the influer f the experimental « 
t he micrococci revealed that, in spite of 
relatively small proporti 

ethod was intrinsically 


ation Was evenly 


agar syringe, 


1¢ small proportion of the « 2 
in numbers and distribution of the 
tu a rather large error. Had a 
surfac es, a more re l 
because of a reductior 

Thoug! 


1 the preci f 
employing both micro i and or 


sc 
i 


the latter. The fact that the whole 4.0- 
plete 10 ml. of diluent was plated lu 


ater read s 
pia i, requce 


attributable to sampling error. However, 
determine the extent to which d 


lifferences between spores 


it was not possible m these experiments to 


and physical 

adi 4: + "7 

adsorption to the surface 

to the observed results. 
In view of the rather close agr nt in resu y the alginate and cott swabs (1 

swab per dish) in recovering 


micrococci, the -di ence observed between the 


manipulation of the swab, plating technique, or media contribut« 


swabs in the spore studies indicated that an inhibition of germin 


possibly have occurred. Investigations are presently under way l 

calcium alginate or sodium hexametaphosphate exhibit any inhibitory characte 

Good agreement in results was obtained with the surface rinse-agar plate count meth 
in recovering both spores and vegetative cells. 


This agreement is probably attributable t 
the fact that the whole contaminated 


I 
surface was scrubbed and rinsed, thus eliminating 
error caused by uneven distribution of the spore contamination over the surface 
Statistical method for estimation of technique errors. The precision of each of the 
methods, as measured by the variance between replicate determinations, was of as great 
interest as the total percentage recovery. Several sources of error might contribute to the 
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variation between replicate counts with the fundamental component arising from a Poisson 
distribution of organisms on the surface. 

Variations in swabbing, pipetting, and related techniques may comprise an additional 
source of error. To test this possibility with respect to each of the 7 methods, the variance 
of each set of 8 replicate counts was divided by the corresponding mean count. In the 
absence of any source of error other than Poisson variation, these 7 ratios would be 
expected to average about unity. The observed average ratio was 2.80. One method, the 
agar syringe, showed a ratio of only 0.25; the others ranged from 1.69 to 4.62, indicating 
for these methods a variability significantly greater than that arising from Poisson 
variation alone. 

To isolate and study these additional technique errors, each mean count (a measure 
of the Poisson component of variance) was subtracted from the variance, and the residuals 
plotted against the means. It appeared, in general, that technique errors in terms of 
numbers of organisms were proportional to the concentration under assay. One exception 
was the control (direct surface agar plate count) in which the mean count was higher 
but the variance less than in 4 of the 6 test methods. This control result strengthens the 
hypothesis of proportional test-method technique errors, since the control method 
did not involve such sub-sampling operations as scrubbing and pipetting. 

Assuming, then, that the component of variance due to technique errors 
tional to the number of organisms put down on the surface, an algebraic 
estimating this component may be presented. 

Let x denote, for a given method, the corrected estimate of the total 
per plate and s denote the actual number of organisms put down on the 
detectable by the method. We assume that s is Poisson distributed with 
variance k*m. Then, on the basis of the above results, we may writ 

x =s +cs =s (1 +c), where c represents the proportional 
mean zero and variance ¢.”. This model implies the 

Variance (x) = Variance (s) - Variance (1 +c 

+ (1 +0)? + Variance ( 
k*m o.? + k*m? ¢.? + k*m 


Now, x itself is the product of k, a combined area and volumetric correction factor, 
and A, the observed (uncorrected) surface count, ie., x = kA. Therefore, Variance (x) 
is given empirically by the expression, 

ox” = k* Variance (A). 
Equating this expression with the theoretical variance given above, we have: 


k? Variance (A) = k*m o,.? + k*m* ¢,? + k*m 
From this equation, solving for the variance of the proportional technique errors, we 
obtain : 
Variance (A) —m 


Ce — 
m(m+1) 


Estimates, se, of the standard deviation for each method are presented in the last 
column of Tables 4 and 5. These estimates are computed by using A, the sample mean, 
for m, the true mean, and sa’, the observed variance of the sample, for Variance (A), the 
population variance of all possible samples. That is, 


Se = Sa" A 


\ A (A +1) 


By means of this procedure, it was possible to ascertain the technique error for each 
of the methods as an index of its reliability. By observing the percentage error ascribable 
to technique error alone, it is seen that the use of methods involving numerous manipula- 
tions which contribute to the total variance, such as those in the cotton swab technique, 
results in the manifestation of large technique errors and consequently yields unreliable 
estimates of the bacterial contamination present. Conversely, methods similar to the 
DSAP or agar syringe methods which make direct determinations of the surface con- 
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tamination and are unencumbered by intermediate manipulations, contain very little 
inherent technique error and yield precise results. 


DISCUSSION 
Results of the above experiments permitted an appraisal of several factors 
which require consideration when interpreting results obtained with some of 
the commonly employed surface recovery methods. 
When uniformly contaminated surfaces were sampled in this study by the 
cotton swab technique, swabbing a number of similar sites on replicate test 
surfaces yielded both higher recovery and more precise determinations than 


did swabbing a single site with a single swab. 
; 


In field applications of the swabbing technique, where the variables of 
type and distribution of organisms also play a significant part in determining 
| pia) g I gs 


the results obtained, an additional a 
Samples obtained by swabbing large areas obviously will “average out’ these 


by 


y swab- 


lvantage is gained by swabbing large areas. 


‘ 
las > 


samples obtained 


termi 3 
etermil 


swabbit rg procedure 


estimate 


7 
een sible 


is indicated that the m 1 
to examine surfaces having a discontinuous spore contamination ; its simplicity 
makes it a highly desirable field test, and it warrants consideration over the 
cotton swab in situations where routine, replicate determinations are required. 


Rinsing techniques, particularly when accompanied by scrubbing, have a 
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distinct advantage over other recovery methods because the entire surface is 
sampled. Sampling the entire surface area reduces error introduced by 
inadvertent sampling of surface sites which are not contaminated in a manner 
typical of the remainder of the surface. Moreover, rinsing yielded higher 
recoveries than any of the swabbing procedures tested and had precision 
equivalent to the APHA cotton swab method and better than the alternate 
alginate or cotton swab procedures (1 swab per surface). Unfortunately, 
rinsing is limited in application, but for examining food containers or similarly 
suitable utensils, rinsing with concomitant scrubbing appears to be the method 
of choice. 
SUMMARY 

A comparative evaluation of six methods for recovering Micrococcus 
pyogenes var. aureus 209 and Bacillus globigti spores from china surfaces was 
conducted to ascertain the proportion of the contamination detected and the 
precision of the results obtained with each. 

Results indicated that, under the experimental conditions employed, the 
methods could be categorized into the following groups based on their recovery 
of the micrococcal contamination: (1) the surface rinse-agar plate count, 
surface rinse-membrane filter count, and the APHA cotton swab (1 swab per 
4 surfaces) methods yielded high average per cent recoveries with fairly good 
precision, (2) the cotton and alginate swab methods (1 swab per single sur- 
face) gave low average per cent recoveries and displayed very poor precision, 
and (3) the agar syringe method which yielded low average per cent re- 
coveries, but excellent precision. 

The results from the experiments employing Bacillus globigii spores 
revealed that all of the methods recovered a smaller proportion of the contami- 
nation than was observed with vegetative cells ; and that the variables of type, 
distribution, number of organisms present, as well as the manner in which 
the procedures are applied significantly affect the results obtained. 

The relationships of the above variables to practical field applications are 
discussed. 
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INCIDENCE AND NATURE OF ENTEROCOCCI ON 
PLANT MATERIALS ® 
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(Manuscript received September 21, 1957) 


During recent years, streptococci of the group known as enterococci or 
fecal streptococci have been isolated almost at will from frozen foods. Thus, 
Ferraro and Appleman (8) and Kaplan and Appleman (15) obtained them 
from frozen concentrated orange juice produced in several processing plants. 
Hucker, Brooks, and Emery (12) isolated predominantly gelatin liquefying 
strains from frozen peas, beans, and corn. Burton (5) isolated enterococci 
from 81% of post-blanched line samples, and from 89% of frozen vegetables 
and cantaloupe held for a year in storage at —20°C. Larkin, Litsky, and 
Fuller (17) recovered them from a wide variety of frozen fruits and vegetables, 
finding them absent only from the very highly acidic citrus juices. 

Historically, the enterococci have been defined as a group of intestinal 
inhabitants by Dibble (7), Bagger (2) and Alston (1). The impression that 
these organisms reside only in the intestinal tract of certain warm 
animals and of man has been fostered by the reports of Winter 
holzer (29) and Ostrolenk and Hunter (24); and by the quit 
attempts to employ the presence of the enterococci in lieu of, or i1 
the presence of the Gram negative, lactose fermenting bacteria a 
pollution [France and Fuller (9), Hajna and Perry (11), Leining 
McCleskey (18), Litsky, Rosenbaum, and France (19), Mallmann 
Mallman and Litsky (21), and Mallman and Seligmann (22) ] 

In view of the fact that relatively few studies have been reported c 
ing the distribution of the enterococci among other than animal sources, 
unfortunate that the stigma of human pollution is attached to, or implied by, 

\ K iplan 


their occurrence in frozen foods. The point has been raised | 
Appleman (75) and by Vaughn, Murdock and Brokaw (28). Ost: 
. . 


Hunter (24) cultured only 2 samples « il, from which enterococci wer 


recovered, and Medrek and Litsky (23) noted an incidence of only 2 
the examination of 369 samples of soils taken from the environ 

reservoirs. Sherman’s statement (26) to the effect that enterococci 

Streptococcus faecalis and S. liquefaciens types occurred rather comm 
on plants appears to have been overlooked until recently. 
determine to what 
extent the enterococci may occur apart from the intimate human and animal 
environment, and to determine whether the presence of the organisms in frozen 


foods could be ascribed to sources other than those arising through human 


negligence. Because of the recent finding that the species known as S. fae 


Studies reported in this paper were undertaken to 


9° 
ils 


* Taken in part from theses submitted by A. H. Johnson and Rouben Khatchikian to 
the Department of Bacteriology in partial fulfillment of the requirements for the degree of 
Master of Science; approved for publication by the Director, Agricultural Experiment 
Station. 

» Present address: Charles Pfizer and Co., New York 
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may consist of two closely related species, S. faecalis and S. faecium, and that 
the latter may be of other than human origin [Cooper and Ramadan (6), 
Barnes (3), Barnes and Ingram (4), Ingram and Barnes (14), and Skad- 
hauge (27)], isolates were studied for species identification. At the same 
time, most samples were submitted to cultural analysis for the presumptive 
presence and limited identification of the Gram negative, lactose fermenting, 
coliform bacteria. 
EXPERIMENTAL 


Samples of soils were taken from tilled and inhabited areeas and also from such areas 
is to which human access is limited. Source material of plants, 


as forest and waste lan 
severed with instruments sterilized in alcohol 


including leaves, flowers and shoots wer 
and gathered in sterile containers. The majority of the samples were taken from plants 
lds, grassland, farms and orchards, selected where 
possible from sites and plat levations at which contact with domestic and wild animals 

ot taken from areas such as playgrounds, 


1ination appeared obvious. Several 


grown in open suburban 


nd man 1s quite 


f vegetables n from agricultt lots which received only mineral fertilizer 


Ovules of beans were removed ; the 


were worked only with } 
urve of the pod had been slit I il of the ovule was ruptured as 


into the culture mediu ules of corn were removed f 


cut throug! 
a) 


cessing 


over the 


the approximate 


ntrasted with 


TABLE 1 


The isolation of confirmed streptococci from sources 
cultivated and in uninhabited areas 


Number 
cont 


streptococci 
8 
13 
?1 
~s 
62 
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and plant samples taken 
non-agricultural areas 


Results 


from farm 


of the survey of plants 
negative, lactose fermenting bacteria 
between those 


genus Escheri 


(gram 
ire | : disti ion 1s made 
coliform bacteri: lich were identi t tl 


chia and others. Many of the 


1 
Enterococci were isolated 1 


i of 106 tria 
jliform bacteria, and with 1 
listed 
and with 
lac kberry ] aves 
Duplication of et 
1 bacteria fr 
iltivated ros¢ 
20 trials duri 


sam] 


TABLE 3 
The isolation of confirmed enterococci from economic, edible plants 


, oute 


inner leaves 
uliflower fi 
ovules 


of caulifloy 
irrigation 
harvest ar 
int 
Identity of the streptococci. 


’ ; 


and at 45° C., in broth 


cor 


gZiucosid 

Cultur 
gly erol .anat robicall , and did 1 
ummarized in Table 4, the 
broth, reduction of tetrazolium, growth on 
of arabinose and sorbitol 


isolates we 


l in the 
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TABLE 4 
Physiologic reactions of the streptococci isolated from plant materials 


Final pH in dextrose....... © 84. 66-38-45 
28-4.6-4.9 


Reaction S. faecalis-like S. faecium-like 





Reduction of tetrazolium : 
I  ichnistetiigiskeceneteieintiiniasinen 
RES 
none Serene sees ad Yh 
Growth on 0.3 unit penicillin : 


OS Ee ere 
Fermentations : 

arabinose. 

sorbitol 

both sugars............ 

neither sugar. are 
Decarboxylase activity : 

0.8-2.2 ml. N/10 HCL......... 

0.2-0.6 ml. N/10 HCl... 

No decarboxylation 
Ribonuclease activity : 

See 

moderate........... 





enzyme ribonuclease. Very little correlation occurs among the cultures. Ninety-four 
cultures were placed into this group. 

The distribution of the species of streptococci according to origin is shown in Table 5. 
S. faecalis-like organisms were isolated from a small number of plants in the general 
survey, from green beans in the field and during processing after blanching, from the 
atmosphere of the processing plant, and from ovules of corn. Although not encountered 
in the ovule of the bean, too few cultures were obtained from this source to warrant a 
conclusion. Casein liquefying variants were isolated from all sources except from the 
beans ; this is in contrast to the findings of Hucker et al. (12). The majority of the strepto- 
cocci in all categories were those identified as being similar to S. faecium. 


DISCUSSION 
Three facts emerge from this study: (1) that streptococci physiologically 
falling into the taxonomic group known as the fecal streptococcus or the 
enterococcus do occur commonly on plant surfaces in an agricultural and an 
inhabited environment, and in soils under cultivation or in the vicinity of 
cultivation; (2) that the majority of the streptococci isolated from plants in 


TABLE 5 


Identification of enterocci according to origin 


e 


Source | S. faecalis-like | S. liquefaciens-like S. faectum-lik 


= 7 3 56 
Field beans... ae 3 7 
eee aed 5 
Plates exposed in processing plant 30 
SN iecictaisincsnintoncecnnasnisenntestuteinnaneiiel 5 
ROUTE UTIs cccseeeseseennes 2 
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this study appear to be physiologically different from any species described to 
date, conforming most closely to that known as S. faecium, and (3) that they 
may enter a food item to be frozen via the atmosphere. The latter fact was 
obtained during the freezing processing of green beans, and application to 
other fruits and vegetables which are frozen should be made with reservation, 
pending further study. 

At the moment, nothing is known as to the origin of the streptococci 
which have been isolated from plants. It is possible that they originate with 
animal sources ; on the other hand, it is also possible that they occur on plants 
in an epiphytic relationship. The rather consistent association with green 
beans, and the failure to isolate them from the many samples of broccoli, cauli- 
flower, and strawberries, is compatible with our knowledge of bacterial epi- 
phytism on plants. Isolation in some trials but not in others with some plants, 
however, also indicates a random contamination by one or more distributive 
agencies. 

If the enterococci were to originate primarily from warm blooded animals, 
it would seem likely that many isolat tz i would have been obtained 
It has been shown that the fecal coliform bacteria may persist in soil for an 
Lueller 


; s , : : 
appreciable period of time j Haenel and 
at enterococci and / ither will occur together in of animals, 


-Buethow (10) con- 
will be al 3 udi y Randal! (2 m to substantiate this 


con- 


the demonstrated route 
into frozen food 


icance 


SUMMARY AND CONCLUSIONS 


Studies were undertaken to determine the frequency 


the group known as ent 
? 


ssibilitv of a route altern: 


In a comparative study, the enteroc re isolated from 62% of samples 
of plants and soils taken from agricultural and inhibited areas, and from 22% 
of similar samples taken from unpopulated areas reasonably devoid of human 
and large mammalian life. They were isolated from 58.5% of 106 samples 
from green beans, and from a small 


per cent of the ovules of corn and of green beans. They were also isolated 


involving 63 plant species, with frequency 
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from the atmosphere of a freezing processing plant. They were not isolated 
from a total of 50 samples of broccoli or of cauliflower, nor from 30 samples 


of strawberries. 

In 46 instances, coliform bacteria were associated with the streptococci. 
Few of the coliform bacteria were of the genus Escherichia. In 13 instances, 
streptococci occurred without the coliform bacteria, in 21 instances coliform 
bacteria were isolated without obtaining streptococci, and in 20 instances 
neither type of organism was obtained. 

A small per cent of all isolates studied were similar to S. faecalis, and a 
somewhat larger per cent were a variant capable of digesting casein. Most 
isolates appear to be similar to but not identical with S. faecium. 

Although there is no knowledge regarding the origin or the natural habitat 
of the latter type of streptococcus, the failure to isolate other known intestinal 
residents concurrently indicates that it is not of human or of warm blooded 


animal origin. 
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The concentration of certain constituents of oysters has been known to be 
affected by season, salinity of the water, and environmental temperature 
Chipman (3) has observed that the glycogen content of oysters is almost 
completely exhausted after spawning and is replenished during fall and win 
ter months. Better growth and meat yields were observed by Butler (2) 
oysters grown in the colder water of the Chesapeake Bay area as compat 
with those grown in the Gulf of Mexico. Medcof and Needler (8) found 
oysters more nearly filled the volume of the shall cavity at temperat 
between 15° and 20°C. Above this temperature, they may continue 


in size, until spawning causes a loss of tissue. 
rat} follow 


The main purpose of the present investigation was to 


variations which might occur in the amounts of riboflavin, niacin, at 
in Southern oysters. At the same time it seemed worthwhile 


the B cony l 


relation between amounts of certain vitamins of 
factors such as dry matter and protein. 


MATERIALS AND METHODS 


obtained from Cat 


Florida, were used f the assay Samp wert 
intervals from February, 1955, u ugust, 1956 
packed in ice, and immediately 
obtained from a commercial packing 
had been tonged the previous day an 
into metal friction top cans. 

In the laboratory the oysters were shucked and washed by 
container of tap water for approximately 30 seconds 
well mixed, duplicate 200 g. aliquots were homogeniz 
minations of total solids, riboflavit al I 
complete all vitamin assays immediatel 
placed in pint fruit jars, sealed with tape 

Total solids in the oyster homogenates were measured by 


d stored at 15° ¢ 


method developed by Price and Traynor (9). Quadruple 
dried for 6 to 8 hours in a mechanical convection oven at 100 
by the Kjeldahl method. 
Niacin and riboflavin in oysters were determined microbiologically by using La 
bacillus arabinosus, strain 17-5, and Lactobacillus casei, respectively. The basal med 
1s 


1s of Vitamin Assay (1) were used in the niacin 


1 


and procedure described in Meth 
Riboflavin was determined by thi 


the addition of para amino benzoic acid. Jansen’s thiochrome m 


use of the Landy and Dicken (6) medium, modifi 
' 8 Tos 


Vv 


ner and Straub (4) was used for estimating thiamine 
* This paper is derived from a thesis submitted by Jane Wer 
ment of the requirements for the degree of Master of Science a 
” The research reported in this paper was conducted by Florid 


t 
a contract with the U. S. Fish and Wildlife Service. It was financed with funds made 
available under provisions of Public Law 466, 83rd Congress, approved July 1, 1954 
generally termed the Saltonstall-Kennedy Act. The study was made possible through the 
cooperation of the Oceanographic Institute, Florida State University. 


n, Experiment, Georgia 


© Present address: Georgia Agricultural Experiment Statior 


194 





RIBOFLAVIN, NIACIN AND THIAMINE IN APALACHICOLA BAY OYSTERS 195 


RESULTS AND DISCUSSION 


Data on total solids, niacin, riboflavin, and thiamine in fresh, raw, washed 
Each value in the table represents an average 


} 
iS. 


oysters are given in Table 1. 
of duplicate samples from one lot of oysters, with the following exceptior 


rhree lots were sampled in February, 1955, and April, 1956. Oysters were 


sampled twice in April, 1955, January, February, March and July, 1956. 


TABLE 1 


Vitamin content, and per cent total solids in raw oysters 
Riboflavin Thiamine 

Wet Dry Wet Dry 
Mg.f1 ».| Mg./100 g. 
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Niacin concentrations in oysters shx 
During the period of the investigation the amounts of niacin 
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fresh oysters. On the dry basis the range 
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was from 10.6 to 15.9 mg. per 100 g. dry material, with some of the highest 
values occurring during summer and early fall months. 

Riboflavin values fluctuated with the various samples, with a range of 0.06 
to 0.29 mg. per 100 g., fresh, or 0.57 to 1.87 mg. per 100 g. on the dry basis. 
Thiamine values were of the same order, 0.08 to 0.18 and 0.36 to 1.00 mg. 
per 100 g. on the fresh and dry materials, respectively. 

At the beginning of the survey, samples of oyster homogenates were frozen 
for later analysis with the assumption that thiamine is stable under freezing 
conditions. Upon analysis of these samples it was found that the thiamine 
content was so low that it was difficult to obtain valid readings on the photo- 
fluorometer. Since these findings were not in line with the assays of fresh 
oysters, thiamine values for only the fresh tissues are included in Table I. 

The possibility of enzymatic destruction of thiamine was investigated in 
several experiments on oysters before and after frozen storage. As is shown 
in Table 2, oyster homogenates lost from 63 to 67% of the original content of 


TABLE 2 
Thiamine losses during frozen storage 








Storage at i p 
Treatment of oysters —15° C.in m ; er cent 
weeks r rt loss 





Homogenate 

OS Eee : 
Homogenate + .04 mg. thiamine/100 g.... 
Homogenate 


Whole 


63 
67 
63 
24 


0 
3 
3 


1 
1 





this vitamin during frozen storage of only three weeks. When the oysters were 
left whole, there was only a 24% loss of thiamine after 15 weeks of frozen 
storage. A sample of oyster homogenate which had been cooked contained 
.14 mg. thiamine per 100 g. before freezing and .11 mg. per 100 g. three weeks 
later. The decrease of only 20% in this case may be the result of inactivation 
of an enzyme by heating. 

Various reports of assays on thiaminase in fish and shellfish have shown 
that oysters contain very small amounts of the enzyme. Neilands (7) found 
only a slight loss of added thiamine using Ostrea Edulis. Fujita (5) stated 
that thiaminase was scarcely detected in Japanese oysters. The fact that the 
losses of thiamine observed in this study occurred only in the homogenized 
sample suggests that the active material is bound in the intact oyster. Since 
the maceration of tissue is not a common practice in handling oysters, the 
possibility of a thiamine loss from this source is minimized. 

Nitrogen determinations were made on some of the samples in an attempt 
to learn whether or not fluctuations in vitamin content were caused by dilution 
of the tissues with varying amounts of water and glycogen. As is shown in 
Table 3 there was no obvious relationship between amounts of these vitamins 
and amounts of nitrogen. The oysters ranged from 42 to 57% protein, on the 
dry basis, with as many high values among the summer samples as those taken 
when oysters were considered to be of higher quality. 


SUMMARY 
Oysters from Apalachicola Bay were assayed for niacin, riboflavin, and 
total solids at monthly intervals from February, 1955, through August, 1956. 
Thiamine determinations were also made beginning with October, 1955. A 
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TABLE 3 
Protein content and vitamins per g. nitrogen in oysters 


Per cent protein, Niacin Riboflavin | Thiamine 
mg./g. mg./g.- mg./&. 
itrogen | nitrogen | nitrogen 
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Average 7 50 
portion of the samples were analyzed for nitrogen and per cent protein was 
calculated using the factor 6.25. 

During the summer months, when oysters are considered to be of poor 
quality, there was no obvious change in the levels of niacin, riboflavin, or 
thiamine. In fact, niacin values appeared to be slightly higher during this 
season. Averages for the entire period in mg. per 100 g. fresh oysters were: 

1.97; riboflavin, 0.18; thiamine, 0.12. Although there were large 
ferences in amounts of total solids and protein, these constituents showed 

- relation to the concentrations of the three vitamins studied. 

rhiamine values of oyster homogenates decreased rapidly during frozen 

‘age. Much smaller losses occurred when the oysters were whole or had 
een heated prior to freezing 
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When pectic substances in the middle lamella of pickling varieties of 
cucumbers are hydrolyzed by pectic enzymes, softening of the tissue results 
Previous studies (3, 5) have demonstrated that a pectin-splitting enzyme, 
similar in behavior to polygalacturonase, is chiefly responsible for the softening 
of salt-stock cucumbers cured under commercial conditions. The enzyme was 
found to be active in brines from numerous commercial brining stations and 
its activity correlated with the softening of the salt-stock. It was further 
shown that a purified form of the enzyme could readily deteriorate the firm- 
ness of sound salt-stock cucumbers. Additional studies (4, 7, 9) have since 
demonstrated that cellulolytic enzyme systems are also present in curing brines 
and may contribute in part to the total softening action of brined material 

It has been established (7, 8) that the pectinolytic and cellulolytic enzyme 
systems are introduced into the curing vats by way of the partially dried 
cucumber flowers that remain attached to the cucumbers, particularly the 
small-sized fruit (see Figure 1, right). In addition, microbiological studies 
strongly point to mold growth in the cucumber flowers as the actual causatiy 
agent responsible for the softening enzyme activity. 

Numerous brining experiments covering several seasons in tw 
production areas of the,South (7) appear to substantiate the basic fir 


the origin of softening enzymes in cucumber brines 


) 
samples from vats filled with small-sized cucumbers (1 to 


had a high percentage of flowers, either retained by the cucumbe 
experimentally, were shown to have high enzyme activity at 
cured salt-stock was either soft or definitely inferior in firmness 
when the cucumbers were deflowered by hand, the brine samples 
enzyme activity and the cured stock was exceptionally firm 

More recently, Bell and Etchells (7) have found that pectinolytic 
cellulolytic enzymes are inhibited by a water soluble fraction of Scuppert 
grape leaves (Vitus rotundifolia). Furthermore, cucumber brining tests 
demonstrated that the pectinolytic and cellulolytic enzyme systems of cucumbe: 
flowers were effectively reduced in activity by use of a crude extract of Scup- 


l 


have 


*This study was carried out under a cooperative project with the Department 
Horticulture of the North Carolina Agricultural Experiment Station. 

»’One of the laboratories of the Southern Utilization Research and Dev 
Division, Agricultural Research Service, United States Department of Agriculture. 
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pernong leaves (2). The inhibition of the softening enzymes resulted in an 
increased firmness of the fermented, brine-cured cucumbers. 

Softening can, at times, be a serious problem in northern brining areas as 
well as in other sections of the country. Etchells (6), during the Fall of 1955 
tested the firmness of 89 vats of commercially brined salt-stock from 4 brining 
stations located in Michigan and Indiana. Examination of the stock for firm- 
ness demonstrated that approximately 25% of the material as of October 17, 
1955 was less than firm also, of the 89 vats examined, stock from 7 had 
lost more than 50% in firmness and were definitely soft. Although this was 
the only instance of commercial softening observed first-hand during the 1955 
1) northern brining areas, reports from packers have since indicated 


le- 


season it 

that loss of firmness of salt-stock, to a varied degree, may have been wit 
spread in Indiana, Michigan, and Wisconsin that year. 

resent investigation was undertaken chiefly as an exploratory survey 
{ softening enzyme activity of cucumber 
1 the 


Phe Pp 
to determine the nature and extent « 
lowers collected in northern production areas; the study also provide: 
lues obtained for pectinolytic and celtulo 


Lilie 
lier for flower samples collected 


flo 
pportunity to compare the \ ] 
those determined earlier 
tations located in North Carolina and Texas) 
It was an interesting coincidence tha study on the softening enzym« 
flor rthern production area was 


>) 


mmerciall brin 1 oy +17 : : } ree 
mmercially Drined Cue i rea 


tivity with 
uthern areas (1.e., brining s 


mace 


ctivity of cucumber 
‘ing a season (195 rect evidence of enzymatic softeni 


Tit 


MATERIALS AND METHODS 
data. Duri: 


Collecting flower samples and flower retention 


tal cucumber flow 


Softening enzyme extraction and analysis. | 
1 wy) 1 ts Waring hlender * with | rm! 


riculture to recor 


ompany. The 





THOMAS A. BELL, JOHN L. ETCHELLS, AND RALPH N, COSTILOW 


Figure 1. Left: Opened pistillate flower typical of samples collected from the grow- 


ing cucumber plant in commercial fields. 

Right: Partially dried flower on a small sized (No. 1) cucumber; this retained flower 
is typical of samples removed from 1 to 14,” diameter cucumbers at brining stations. 
About actual size. 

RESULTS AND DISCUSSION 

Flower retention on cucumbers. It has been observed (8) that flower 

retention of commercially harvested, machine graded No. 1 size cucumbers 





| 
| 


“'SCONSIN "4 
ae 


j 
A 
ONTARIO 


/ 





%, 


@ 
INDIANA 


{ { HIGAN j 
\ 7) co , J 
—. © i c 
- 8 a a 


J / 
Mic 
( 
\ @ 
KW.  f--“ 
(2) 


Q emwns 


@ Fcios 


s 


STATIONS 





Figure 2. Geographical location of brining stations and commercial fields where 


cucumber flower samples were collected during 1955 harvest. 
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grown in two important production areas in the South can vary extensively 

during the intake season. Retention was usually found to be highest (70 to 
g the : ; 

80% ) during the first part of the harvest, whereas during the latter part it was 

/ g g 
negligible (5 to 10%). Furthermore, flower retention was greater on smaller 
fruit than on the larger. 

The cucumber fields visited during the northern survey were in their third 
to fourth week of production and the crop conditions varied greatly ; ranging 
from lush, vigorous vines with heavy production in certain parts of Michigan 

s \ g 
to less vigorous vines suffering from high temperatures and lack of rain in the 
principal growing sections of Wisconsin. Information on the percentage of 
flowers retained by the different cucumber varieties examined at northern 
brining stations is given in Table 1; also included are flower weights. The 


TABLE 1 


Estimated flower retention, weight, and enzyme activity of cucumber flowers from 
different varieties sampled at northern brining stations during Aug. 16-25, 1955 


Averag Pectinolytic Cellulolytic 
flower activity ty 
per flower) 


wntis 


te bo ty bo 


> 
? - 
> 
> 


Indiana 
NJ*... 
Bs vn 


Ontario 
WF MR-17 and 
Chicago 
pickling : 0.021 


0.0258 


1 Receiving and grading station only 

2 Represents a second sample from Station SL collected September 4. 

2 Material from these 2 stations was shipped to Chicago by truck on August 20 and sampled August 
»? 
ind SMR (= scab and mosaic resistant) represent University of Wisconsin 


*SR (= scab resistant) : 
» State University introductions. 


introductions; MR ( mosaic resistant) represents Ohic 
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latter show that the average station flower weighed 0.0238 g. with a range from 
0.015 to 0.040 g. 

The most widely grown cucumber varieties in the areas visited in Michigan 
and Wisconsin were SR-6 and SMR-12-12 respectively. Flower retention 
values for varieties at all stations ranged from 2 to 47% with 8 of the stations 
above the 10% level; also, 4 of these were above 25%. Retention estimates 
from the 5 stations receiving and grading variety SMR-12-12 ranged from 25 
to 47% (av. 33%). In contrast, only 2 of the 9 stations with variety SR-6 
gave retention values above 10% and the range for all lots of this variety 
examined was 3 to 14% (av. 7%). Based on this information, it appears likely 
that flower retention estimates for the recently introduced variety S5MR-12-12 
were generally much higher than those for SR-6. Four of the five stations 
where SMR-12-12 was observed for flower retention were in Wisconsin where 
hot, dry weather was prevailing. Such unfavorable growing conditions may 
have contributed to flower retention of this variety. However, subsequent 
observations by northern packers during the 1956 season on these two varieties 
tend to substantiate the varietal difference indicated above.® 

Enzyme activity of flowers from stations. he pectinolytic and cellulo- 
lytic activities of retained cucumber flowers collected at southern brining 
stations in 1953 have previously been presented (7). However, summarized 
results based on more recent southern studies—1954 and 1955—are reported 
herein for comparison with the 1955 northern observations because improved 
technics (4) for measuring softening enzyme activity were in use for material 
collected in the two areas during the particular years mentioned. 

The pectinolytic activity of 16 flower samples obtained from southern 
areas ranged from 34 to 185 units (av. 88) calculated on a per flower basis. 
These flowers, when added to experimental vats of No. 1 size cucumbers in 
quantities equal to 100% retention, reduced the firmness of the cured as much 
as 50 to 75% over that of deflowered controls. The pectinolytic activity values 
of the 19 flower samples collected from northern brining stations (Table 1) 
show a range from 31 to 308 units (av. 120). 

The results for cellulolytic activity of flowers from southern and northern 
areas parallel those for pectinolytic activity. The cellulolytic activity of the 
16 flower samples from southern areas ranged from 477 to 1,191 units (av. 
782) ; the values for northern area flowers (Table 1) ranged from 213 to 2,199 
units (av. 680). A rather wide variation of enzyme activity of flower samples 
was observed in both northern and southern production areas. It is important 
to mention that, based on previous experience, such variation in enzyme 


activity of southern flower samples from the same stations, may occur not only 


between seasons, but also for given periods within the same season. 

These results indicate that retained cucumber flowers from northern pro- 
duction areas possess a potential softening enzyme activity equal to that of 
flowers from southern areas and which, if introduced into curing vats in 
sufficient amounts under suitable conditions, could reduce the firmness of 
brined material in a manner previously demonstrated for cucumbers brined 


* Plant breeders at several State Agricultural Experiment Stations (North Carolina, 
Arkansas, Michigan, and Wisconsin) have expressed considerable interest in studying the 
factors responsible for flower retention in pickling cucumbers and are evaluating their 
new lines for this characteristic. 
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under southern conditions. In this connection, it will be recalled that enzymatic 


softening of commercially brined cucumbers was observed first-hand in 


if 
October 1955, at northern brining stations in the same general area visited 


about 2 months earlier ( August) during the survey. 

Enzyme activity of field flowers. he enzyme activity of 8 samples of 
flowers removed from cucumber ovaries in fields located in Michigat 
Wisconsin are presented in Table 2 together with the flower weights 
average weight of a freshly ed flower was found to be 0.281 g.; tl 
about 12 times the weight of a individual, partially dried flower rem 
Che pectinolytic activity 


s (av. 875) calculated on a 1 


m 103 to 221 units (av. 15] 


TABLE 2 


Weight and enzyme activity of cucumber flowers from different varieties sampled from 
ovaries in 8 commercial fields located in Michigan and Wisconsin 


0.305 
0.294 
0.366 


U.3Y5 


SUMMARY 


In general, the ‘(ploratory findings reported herein indicate that retained 
cucumber flowers from northern production areas—such as Michig: 
ial softening enzyme activity 
flowers from southern are 
more, it seems m : ftening enzyme concentration of 
flowers was such that, if sufficient amounts were introduced into curing 
under suitable conditions, they could luce the firmness of brined ma 
in a manner previously demonstrated for cucumbers brined under sout 


conditions 
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EFFECTS OF RADIATION ON HEMATIN COMPOUNDS * 


A. L. TAPPEL 
Department of Food Technology, University of California, Davis, California 


( Manuscript received September 23, 1957) 


Knowledge of the radiation chemistry of hematin compounds is important 
both for an understanding of the changes induced during radiation preserva- 
tion of meats and for a better understanding of the mechanism of radiation 
damage to animals, plants and bacteria. The hematin pigments which give 
meat its characteristic color are variously affected during irradiation (5, 6, 
7,9). Fresh meats irradiated at low doses in an oxygen atmosphere develop 
brownish discol m due to the formation of metmyoglobin. Fresh meats 
irradiated in a nitrogen atmosph leveloy righter coloration caused by 
the regen f oxy! globin in the radiation dose range of 0.1 x 10® to 

: l d denatured globin 
hrome by 
1s interest- 


1 | 
mpounds 


tollowing 


mpound 
al 
chrome 
In sj f considerabl activity in the radiation chemistry of 


sO gave 


hematin compounds, our knowledge remains relatively meager. Many of the 


| 
matin compoun have no radiated and 1 is study the 


important he 
effect of relatively large dos | gamma radiation n a varietv of hematin 
compounds will be surveyed. Mor onclusive idence is needed for the 


oxvhemoglobin by irradiation of moglobin. In tl 


is study 
ight for optimum conversion of methemoglobin to oxyhemo- 
ition of the chromophore absorbing at 610 my in the irradi- 
c is interesting in itself and further study of this should 

tanding of similar “green” compounds formed by the 


is? 


hvrin of the hemochrome pigments of cooked cured meats. 


This paper reports research undertaken in cooperation with the Quartermaster Food 
and Container Institute for the Armed Forces, and has been approved for publication 
The views or conclusions contained in this report are those of the author. They are not 
to be construed as necessarily reflecting the views or indorsement of the Department of 
Defense. 
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In this study optimum conditions for the production of the chromophore 
absorbing at 610 mp was sought and the reaction resulting in this absorbance is 
explained. 

EXPERIMENTAL 


The hematin compounds irradiated for these studies are listed in Table 1 with their 
source of method of preparation, their concentrations, the buffer and pH of the solution 
the atmosphere, and the radiation dose. All of the hematin compounds were sealed 1 
100 ml. polyethylene bottles after degassing and gassing three times with nitrogen or 
oxygen. Polyethylene bottles offered the advantages of being relatively inert, 1 
breakable, and easily punctured by hypodermic needles to anaerobically remove 
The polyethylene bottles were sealed in no. 2 cans. The samples were 
state during transportation to and from the Materials Testing Reactor and 
to analysis. For irradiation the samples were adjusted to 0° C. and placed 
chamber. The samples were irradiated at the Materials Testing Reactor, 
the doses shown in Table 1. 

The complete visible spectra of all the irradiated hematin compounds 


and when interesting changes were found, other studies were mad 


Cal 


¢ 


ly 
| 
nN 


ep 


hematin nucleus of the irradiated hemoproteins was measured 


chrome method. Sulfhydryl groups were measured by 
Autoxidizable cytochrome c was determined by the method « 


was determined manometrically. 


RESULTS AND DISCUSSION 


Methemoglobin. Table 2 and Figure 1 give resu 
directed toward obtaining maximum conversion of methemog] 
hemoglobin with minimum destruction of the hemoproteins. At 6 x 
methemoglobin, good conversion to 20% oxyhemoglobin was obtained as seen 
in Figure 1-1. Spectral absorbance maxima in the regions of 535 my 
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Figure 1. The absorption spectra of irradiated methemoglobin and the controls. 
1. 6x 10‘*M methemoglobin 
2. 2x 10°*M methemoglobin 
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TABLE 2 
Formation of oxyhemoglobin by irradiation of methemoglobin 








| : Sulfhydryl 
Concentration of Dose | Insoluble pep mene ny groups Converted to 
methemoglobin wedi mole oxyhemoglobin 
hemoglobin 
—— = 


M x 104 r.e.p. x 10-4 y re 





1.90 
1.19 
2.88 


1.46 


2 x 10°*M, what appears to be 
a maximum obtainable conversion of 50% was obtained as seen in Figure 1-2 
Absorbance maxima at 540 my and 576 my are characteristic of oxyhemo- 
globin which has beta and alpha peaks at 540-542 my and 576-578 my, 
respectively. In these two experiments the measurements of solubility and 
the hematin nucleus show that these hernoproteins were not changed drastically 
in comparison to the amount of conversion to oxyhemoglobin. The sulfhydryl 
ring separation and 


ydryl | 


575 my are characteristic of oxyhemoglobin. At 


groups of hemoglobin are very labile to oxidation and dt 


oxidation to methemoglobin there was a decrease from four sulfh groups 


to the initial value given in Table 2. Further decrease in sulfhydryl content 
was found upon irradiation and this probably was caused by the oxidizing 
effect of hydroxyl radicals. Both of these irradiated methemoglobin samples 
were subject to other reactions characteristic of authentic oxymyoglobin. They 
formed hemoglobin when reduced with sodium hydrosulfite. They oxidized 
readily with potassium ferricyanide and were completely converted back to 
methemoglobin. The oxyhemoglobin present exchanged with carbon monoxide 
to form carboxy hemoglobin. This exchange reaction with carbon monoxide 
is a good test for the identity of oxyhemoglobin. This conversion of methemo- 
globin to oxyhemoglobin may take place by the mechanism: 
+-OH +-OH 

methemoglobin ———-—> ferrylhemoglobin — — oxyhemoglobin 
which has been proposed (16). 

Oxyhemoglobin. Study of the complete spectra of irradiated oxvhemo 
globin and other chemical studies showed no unusual changes besides the de 
struction of this hemoprotein, the protein characteristic absorbance, the sulf 


TABLE 3 


Irradiation destruction of oxyhemoglobin 


Loss of oxyhemoglobin Denaturation 


prot 
measured at | of protein 
— | measured 


412 | at275 ma 
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hydryl groups and the hematin nucleus. Most significant was the fact that 
there was no production of methemoglobin ; where as methemoglobin is noted 
when meat is irradiated in oxygen atmospheres. Although large destruction 
was found at 2 x 10® rep the remaining oxyhemoglobin retained some of its 
fundamental properties. The oxyhemoglobin irradiated 2 x 10® rep readily 
exchanged with carbon monoxide and was oxidized to methemoglobin by 
treatment with ferricyanide. 

Hemoglobin. Hemoglobin is very labile to oxidation; these samples 
underwent some oxidation to methemoglobin during transport to and from 
the reactor and storage prior to analysis. The control sample contained some 
methemoglobin. The sample irradiated at 0.2 x 10® rep contained larger 
quantities of methemoglobin. The sample irradiated at 2 x 10® r 4 av 
oxyhemoglobin. At 10 x 10% rep there was a complete loss of spectral charac- 
some of ‘the hemo- 


teristics. Apparently under these kaging conditions 
globin was oxi Sine to methemoglobin and the irradiation at 2 x 10° rep 
converted the methemoglobin to oxyhemoglobin. 
Carboxyhemoglobin. There were no spectral changes in carboxyhemo- 
when radiated at x 10° and 2 x 10% rep. At 10 x 10® rep carboxy- 
in was precipita 
“Nitric oxide hemoglobin. The control sample of nitric oxide hemoglobin 
contained appreciable quantiti methemoglobin showing that ' 


subsequent 


oxidize l n en iCTOl 
The sampl rradiated at 0.2 x ‘rep and 2 x 10® rep showed comp! 


reduction to nitric oxide hemog!] ; ad n 
tics and a total hematin 


20%. xX nitrite Known to protect the 


at 10 x 10% r ‘“aused 
pigment destruction of 
meat pigment (4) and probably was a protector here. 

Hemiglobin cyanide and SNA azide. There were no significan 
changes in hemiglobin cyanide and hemiglobin azide irradiated at 0.2 x 10° rep 
and 2x 10% rep. At 10 x 10° rep both of tl ese hemoproteins were precipitated. 

Denatured globin hemichrome. Irradiation of denatured globin hemi- 
chrome at 2 x 10® rep gave a color change from tan to re 

ibility no spectra were recorded. 


-d indicating reduction 


to the hemochrome. Because of its oxygen |: 
\t 10 x 10% rep there was a loss of spectral 


n of 62% of the denatured globin hemichrot 


characteristics and much of the 
color with a destructi 

Pyridine denatured globin hemichrome. [here was no 
absorption of pyridine denatured globin hemichrome when 
0.2 x 10% rep. At 2 x 10* rep there was essentially complete reduction to the 
corresponding ~emareirgere This hemochrome readily autoxidized. At 
10 x 10® rep all spectral characteristics of pyridine denatured globin hemi- 
chrome were lost. 

Cytochrome c. The first experiment was a radiation of cytochrome c at 
0.2 x 108, 2 x 10% and 20 x 10® rep in oxygen and nitrogen atmospheres. There 
was good reduction of the ferricytochrome c to ferrocytochrome ¢ and the 
formation of a 608 mp chromophore at 0.2 x 10® and 2 x 10° rep. In contrast 
to the orange color of ferricytochrome c and the pink color of ferrocytochrome 
¢ irradiation cytochrome c containing the 608 mp» chromophore was purple in 
color. Subsequent studies of cytochrome c irradiation were designed to learn 
conditions for maximum production of the 608 mp chromophore and to estab- 


lish its identity. 
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The results of this study are summarized in Table 4. At 2 x 10*M 
cytochrome c was destroyed as a function of the radiation dose. At constant 
radiation dose of 2 x 10® rep the amount of destruction of cytochrome c was 
a function of concentration. Maximum reduction of ferricytochrome c to 
ferrocytochrome c and maximum production of the 608 ms chromophore were 
obtained when 2 x 10-* M cytochrome c was irradiated at 2 x 10® rep. There 
was little change in autoxidizable cytochrome c as a function of radiation. 


TABLE 4 


The effects of irradiation of cytochrome c 


Concentration of Cytochromec|) p 
cytochrome c remaining - 
M «x 104 2 % 

100 

57 

46 
1 

62 


30 


ty bo bo bo bo 


NV bo UI w& bo 


The formation of the 608 mp chromophore was the most interesting 


result and was studied in further detail. The spectral absorbance of irradiated 
cytochrome c compared to the control sample is shown in Figure 2. Reduction 
or oxidation of radiated cytochrome c changed the absorption in the 608 mp 
region only slightly. Assuming that the loss of cytochrome c gave rise to the 
608 mp chromophore a molecular extinction coefficient of 18,000 was calcu- 
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Figure 2. The absorption spectra of irradiated cytochrome c compared to its control. 
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lated for the 608 mp chromophore. Mee and Stein (10) in a study of 
irradiation of cytochrome c suggested that this chromophore may be caused 
by the production of porphyrin c. Study of the solubility properties of the 
irradiated cytochrome c showed that the 608 mp chromophore did not possess 
the solubility properties of porphyrin c (8, 17) and therefore this possibility 
was eliminated. Precipitation of irradiated cytochrome c and pure cytochrome 
c with trichloroacetic acid or acetone and resolution of the precipitated protein 
showed that the radiated cytochrome c behaved in a very similar manner to 
unirradiated cytochrome c. These results suggested that the 608 my chromo- 
phore was caused only by alteration of the hematin group and that it still 
remained attached to the protein. Further attempts were mad fractiona 
the irradiated cytochrome nan Amberlite IRC-50 resin 

suggesting that the 


the 608 mz chron 


Paleus and Nielands 


ae 
visible spectra 
I 
} 


Cvtcn 


ECLA 4 


radiation. 
Catalase. atala ho 3 : %, Cs n of activity w 
irradiated in at | r and 20 x 108 
‘ when 


1t) when 


rep, respective ly 

irradiated in a ni 

and 3 x 10% rep; and 20 » 
‘ 


1 show that catal: has similar r: 10n sensitivity as 


with those of others and 


7 ? 
i, 


retry: 
rep, 


1 agreement 


other enzymes, being inactiv: a di f 20 x 10% rep 
Pe ae Diets . sin 


Hematin. The destruction of hematin ( Table 5) was a funct of tl 


dose of ionizing radiation. Study of the complete spectra showed some indi- 


16 


2x] 


~¢ 


cation of reduction of hematin to heme by irradiation a 


t rep 
TABLE 5 


Irradiation destruction of hematin 
Destruct 


meas 


hematin 
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SUMMARY 


A survey was made of the effects of gamma radiation on a number of 
hematin compounds, including hemoglobin derivatives, hemiglobin deriva- 
tives, denatured globin hemichromes and cytochrome c. Further evidence was 
obtained for the anaerobic conversion of methemoglobin to oxyhemoglobin 
by ionizing radiation. Conditions for maximum production of a 608 mp 
chromophore in irradiated cytochrome c were determined. This 608 my 
chromophore is a result of the oxidation of the porphyrin ring in cytochrome c. 
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EXAMINATION OF LEMON OIL BY GAS-PARTITION 
CHROMATOGRAPHY * 


RICHARD A. BERNHARD" 


ry, Western Utilisation Research and 
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Development Division, Agricultural Research Service, United States 
Department of Agriculture, Pasadena, Calif 


adi ruta 


(Manuscript received August 30, 1957 
hieved 
an and 


the complete separation of all of the components of lemon oil, they ca 


Although gas-partition chromatographic methods have not as yet ac 
> dS i > I - 


do provide a useful means of examining lemon oils and determining 
compositional differences. In this study thirty-seven samples of 
foreign and domestic commercial lemon oil were examined with 
partial identification of some « 
he oil was made. The ratio of peak heigl t tl 


compone nts ot the 


gas-partition chromatography and a 
component device 
differences in ] 


detected. 


RESULTS AND DISCUSSION 


resents a typical recor 
} y} 


of some of the com] 


rhe plot shows 5 distinct peaks; the general appearat 
typical for all of the authentic lemon oils examined. By trapping the effluent 
vapors from the chromatograpl at the appropriate times, the con- 
stituents comprising the five fractions of the domestic cold 

fraction to examination 


were obtained in sufficient quantity to subject each fr: 
h 


uc column 


oressed iemon 


by infrared spectroscopy. The infrared spectrum of fra was found t 
be nearly identical with that of alpha-pinene. The 
additional weak bands present in fraction 1] that are n 

itains be 


pinene spectrum. Fraction 2 almost certainly cot 
and the isopropyl groups; it is also probable that the 
double bonds present in some compoun 
The spectrum of fraction 3 is identical with that of limonene 
-ontain the R,;,ReC=CHRgs and 


t 


I 
1 or compounds present 


components of fraction 4 appear to ¢ 
nfrared spectrum with a relatively 
it is probably a 


isopropyl groups. Fraction 5 has an i high 

overall absorption above 6 microns which indicated that 

mixture of several compounds. Hydroxyl, 2 types of carbonyl, Ri RegC=CHRs 

* Supported in part by the Lemon Products Advisory Board, Los Angeles, California 
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Figure 1. Gas-liquid partition chromatographic examination of cold-pressed lemon 
oil, Temperature: 177°. Helium inlet pressure, 30 p.s.i.; outlet pressure, atmospheric. 
Flow rate, 25 ml./min. Liquid phase, Carbowax 600. Chart speed, 16 inches/hour. 





and isopropyl groups are very likely present in this fraction. There is also 
the suggestion that Ry RxC=CHy» may be present. 
Twelve samples of authentic domestic cold-pressed lemon oil were examined 


by means of gas-partition chromatography and the ratio of the peak heights 
of each of the 5 peaks determined. The variation in peak height ratios among 
the various oil samples is about twofold. Figure 2 presents a bar graph of the 
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Figure 2. Distribution of peak height ratios for twelve authentic samples of 
domestic lemon oil. 
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various peak height ratios compared to peak 1 which has been adjusted to a 
value of one. Nine samples of authentic foreign lemon oil were examined and 
the peak height ratios determined as above. In these samples variations were 
of the same order of magnitude. Figure 3 presents a bar graph of the various 
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Figure 3. Distribution of peak height ratios for nine authentic samples of foreign 
lemon oil. 





peak height ratios of the oils compared to peal which has been 
value of one. It shoul noted that in some samples of lemon « 
absent. This k 5 


accounts for the extension of the bars fe 
(see Figures 2 and 3). 

rhe foreign samp! i 
indicate a higher alpha-pinene it in these sam] as compared to 
domestic lemon oils 


Eight domestic and 8 foreign lemon oils of unknown quality were next 
examined chromatographically and » peak height ratios compared with the 
respective range of values for the at tic oils. On the basis of the above 
test, 7 foreign and 4 domestic oils showed 1al peak height characteristics 
One imported sample showed an additional peak between peaks 1 and 2 whicl 


I 1} 1a V l 


i 


™ 
indicated that a foreign material w: nt in the oil. The other suspect 


samples showed very high ratios of peak 3 t “ak 1. This evidence seems to 
support the conclusion that there may some dilution of the oils by the 
addition of limonene. 

\fter the above examination was concluded, all 37 oil samples were sub 
jected to the chromatostrip test of Stanley and Vannier (2). This test 
indicated that of the 37 samples examined, 5 foreign and 4 domestic oils 
showed unusual differences from the authentic oils. The 5 foreign samples 
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were part of the seven exhibiting typical peak height ratios, and the 4 domestic 
samples were identical to the 4 unusual samples found by the peak height 
ratio method (see above). Thus, there was a high degree of correlation 
between two widely differing methods of oil analysis. Actually the gas- 
partition chromatographic method indicated two additional samples were 
different, which may indicate an increased sensitivity of this method over 
the chromatostrip procedure. 

More precise quantitative procedures for the peak height ratio method are 
currently being developed and will be reported in the near future. 


SUMMARY 
A method for the estimation of gross compositional differences between 
various lemon oils is presented which employs the technique of gas-liquid 
partition chromatography and the comparison of the peak height ratios of the 
five fractions separated by this technique. 
A partial identification of some of the components and some structural 


fragments present in lemon oil has been accomplished. 
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NOTES AND LETTERS 
PSYCHOPHYSICAL BIAS IN TASTE TESTING BY PAIR 
COMPARISON, WITH SPECIAL REFERENCE TO 
POSITION AND TEMPERATURE * 


Sensory pair comparison is exposed to psychophysical bias. It is hardly 
imaginable that a subject’s verbal responses to stimuli are not affected by the 
order of perception ; the open questions are the size (it may be negligible) and 
the control of the effect. Other sources of bias, especially those induced by 
alien stimuli, are readily envisaged. In the domain of taste, the time-order 
error has been intermittently studied since its establishment by Fodor and 
Happisch (1) in 1923. Here, it is often synonymous with positional bias; for 
instance, the left-hand: right-hand alternative ordering of the pair of samples 
Obviously, samples must be tasted one at a time, and the subject is likely to 
have an innate locational bias in choosing one of two items. Practical aspects 
of the phenomenon have been examined by several writers (3, 4, 5, 7, 8, 9); 
this note shows how bias can be built into the conventional probabilistic model 
for pair comparison, how tasters can be characterized by their biases, and how 
a temperature bias can affect judgment of taste intensity. 


THEORY 
Pair comparison of relative taste intensity turns on an unobvious sensory 
difference. For a particular difference we assume the subject to have a 
probability P, of its discrimination. (Perversity, that is, a mistake in the 


direction of the difference, is not taken into consideration.) The probability 
of his returning a correct answer to the question, “Which is stronger ?”, is 


>= (1) + P.)/Z, (1) 


and P can be estimated as a fractional frequency, R/N. Let us now define P, 
as a probability of bias in the form of a psychophysical tendency to select a 
particular item in independence from sensory discriminability. The proba- 
bility of correct selection will then depend upon whether P, acts with or 
against P,. We shall use subscript 1 for “with” and 2 for “against”, so that 


P, = P,+ (1—P,)(1 +P) 4 


P. = P, + (1 — P,)(1— P,)/2 


If the source of bias is known, the trials can be so split that half estimate 
P, and half Ps. Then 
P= (P, + P.)/2 = (1 + P,)/2, (3) 


which indicates that, as might be expected, the bias cancels in these circum- 
stances. Further, it is easily shown that 
(4) 
and that 
P, = (Pi — Pe) (2— P; — Ps), (5) 
* Contribution from the Division of Applied Biology, National Research Laboratories, 
Ottawa 2, Canada. Issued as N.R.C. No. 4665. 


217 





218 N. T. GRIDGEMAN 


and that if, in equations (4) and (5), we replace P,; and P2 by observed 
fractional frequencies of correct decisions, the resulting estimates of P, and P), 
will have the property of “maximum likelihood”, i.e., they will be the best 
available ones. It may be noted that the standard errors of these estimates 
can be approximated from 

A 


4) = (P1Q1 + P2Qz2)/N 


and 
J 2( P1Qi + P2Qz2) (Qi? + Q2*)/N 
N ( ( ) ry dey )- 


where Q = 1 — P, and when the P’s are replaced by the fractional frequencies 
However, errors as such are less likely to be required than estimates of statis- 
tical significance, and these can be obtained by means of X*-tests with con 
tingency tables—see any standard statistical text. 

Bias can be comp site. We may replace 
a directional ( positional) bias, and P,, the 
ture difference to a taste-stimulus differen 
on taste acuity has been studied by Komura 

! 


use subscript 1 for a trial in which the stronger stimulus 


solution and on the right-hand side, subscript 2, corres] 


warmer-left, 3 for stronger-cooler-right, and 


if N such tetrads of pair comparison aré 


of correct decisions in each gr 


as the estimates of the probabilities 


EXPERIMENTAL 


An experiment was designed to appraise two « 
perature, in simple taste comparisons. A basic mixture 
tartaric acid, 500 parts sodium chloride. and 3000 parts 
level in water. A 15% concentration difference at this 
able contrast for P.. Three serving temperatures were 
(“cold”), 23° (“room”), and 37° 
member of the pair of solutions 
definite answer was made obligatory 
over 12 working days, at 3 daily sessior 
The resultant estimates of the probabiliti 


DISCUSSION 


} 


Inspection of the Table suggests that, overall, three of the fou 
had a marked right-hand bias, and that the fourth (No. 1) had a slight left 
hand bias. Contingency tests show that two of the subjects (Nos. T and IIT) 





NOTES AND LETTERS 


TABLE 1 


Estimates of probabilities of sensory discrimination and of bias in 
pair comparison of taste intensity 

sensory diseriminatior 

tendency to choose the right-hand item (or, if negative, 


P. 
Pa 


P, 


the 


left-hand 
tendenev to associate the warmer item with a greater (or, 1 


¢ 


negative, with a lesser) intensity of the taste stimult 
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THE ODOR AND FLAVOR OF METHIONAL * 


Evidence that methional (3-methylthiopropanal) contributes to the sun- 
light flavor of milk and that it may be broadly significant in the flavor of foods 
has been published from this laboratory (2, 3). More recently Keeney and 
Day (1) have suggested that methional is important in cheese flavor. On the 
other hand Witting and Batzer (6) have stated that methional, as prepared by 
them, is odorless. We have observed the compound to be intensely odorous 
and to exhibit an average flavor threshold in skimmilk of 50 parts per biltion. 
These completely divergent findings have necessitated further study of this 
matter. 

Witting and Batzer (6) state that their crude reaction mixture Contanng 
methional was odorcus. However, during purification of the crude product 
by vacuum distillation the odor seems to have been lost, since distillation 
“invariably resulted in odorless materials”. Witting and Batzer state further 
that such distillates on standing, quickly (3-5 minutes) took on odor which 
became increasingly intense with time. They presume this change to have 
resulted from air oxidation. 

In an effort to retrace these steps, fresh methional was prepared by the 
method of Pierson et al, (4). Methyl mercaptan (25 g.) was conducted slowly, 
during two hours, into 29.2 g. he acrolein under constant agitation and at 
a temperature of 35-40° C. A drop of pyridine was employed as a catalys 


lhe crude reaction product was ap tae in an Ace miniature 


+ 


apparatus. The fraction (42.0 g.) boiling 92 to 95°C. at 
p 1.4790 was taken as the methional. This material 
dged by 6 observers, at the time distillation was con 
vacuum released. Two redistillations of the methional were 
1 oni 


10 mm. pressure ) arene intermittently during distillation sample listillate 
aluated for odor by 4 to 6 observers. All a samples and 


and with n°? 
ae 


Odor, as ] u 


alt 
all total distillates were judged to be Sabina a 8 odor 
that is ee ristic, at least in the opinion of the writers 

By observing the refractive indices and infrared spectra « 
samples and aerated samples of methional, evidence of change 
was sought. Exposure to or even shaking in air for 30 minutes at room tem- 
perature had no effect on the refractive index, infrared spectrum or odor 
quality of any of the methional samples. The stability of the infrared spectrum 
and refractive index are not necessarily opposed to formation of an extremely 
potent odor compound in trace amounts. However, no change in odor inten- 
sity was noted. In any event the data do not sustain the idea of a 
progressive and substantial transformation of freshly distilled material. Thus, 


it does not appear to us, as suggested by Witting and Batzer, that critical 
I 55 
4: 


changes presumably involving air oxidation, occur within minutes after dis- 
tillation to impart odor to methional. Figure 1 presents the infrared spectrum 
of methional. Rescanning showed no changes. The absorption at 1045 to 
1060 cm.-' could conceivably arise from a sulfoxide linkage. However, in 


* Authorized for publication on October 21, 1957 as Paper No. 2205 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. 


221 





[euoIyjew paysip Ajqsery Jo wmnsjzoeds paresjuy “1 ainsig 


ial 
Litt 
bh fb 








NOTES AND LETTERS 


light of observations noted below, it seems more plausibly interpreted as one 
of the characteristic absorption bands for aliphatic aldehydes 

Witting and Batzer have proposed that methional sulfoxide, rather than 
methional, is the odorous compound in question. To investigate this possi- 
bility, 5 mg. each of methionine and methion 
(5) with 10 mg. of ninhydrin in 10 ml. of water. 


f one less carbon from the amino acid 


ine sulfoxide were submitted to 


the Strecker degradation 


This reaction produces the aldehyde ot ¢ 
he case of methionine and its sulfoxide 
i 


and in t the products would be 


methiona 


é 
steam bath and although c: 


] 
} les ae 
| winds appeared 


and its sulfoxide, respectively. The samples were heated on a 
lor development with the two compound 


comparable, the ‘thionine sample ga\ lor almost 
immediately ; wher ily a faint atypical odor eviden he sulfoxide 
sample after 15 minutes heating he methionine and i ulfoxide used in 
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